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OXIDISING ENZYMES. THE NATURE 
THE “PEROXIDE” NATURALLY ASSOCIATED 
WITH CERTAIN DIRECT OXIDISING SYSTEMS 
PLANTS. 


MURIEL WHELDALE ONSLOW. 
From the Biochemical Laboratory, Cambridge. 


(Received December 13th, 1918.) 


following account some experiments which throw additional 
light the nature the oxidising enzymes plants. The dual nature 
oxidase, peroxide-peroxidase, and the fact that one component, the 
peroxidase, enzyme, has been established previous workers. The 
resolution the system into its component parts has also been effected 
some extent. 

The present work shows that the peroxide may arise oxidation 
aromatic compound particular type structure, the oxidation being 
activated the peroxidase itself. also shown that the aromatic com- 
pound can separated from the peroxidase purely chemical method, 
and that the two components can afterwards reunited again. The peroxide 
once formed cooperates, the usual way, with the peroxidase carrying out 
further oxidation reactions such are characteristic 


AND INDIRECT OXIDATION AND THE GENERALLY ACCEPTED 
INTERPRETATION. 


has been known for long time that the tissues many plants dis- 
colour turn brown injury, such bruising, e.g. Potato tuber, Apple 
The same phenomenon may brought about many cases ex- 
posure the tissues chloroform vapour. certain number plants, 
the other hand, not show discoloration under similar treatment. 

Further, has been shown that the expressed juices, water extracts, 
plants which exhibit discoloration injury, when added guaiacum 
tincture immediately produce blue colour. The juices, water extracts, 
plants which not discolour, not give blue colour with guaiacum 
tincture until hydrogen peroxide has been added. 

The discoloration injury has been found characteristic many all members 
certain Natural Orders, notably the Umbelliferae, Labiatae, Compositae and others. other 
cases, only fraction the genera order apparently exhibit the phenomenon. Finally, 
some orders, e.g. Cruciferae, the phenomenon rare possibly entirely absent 


ONSLOW 


has been assumed, the evidence many investigators, that the 
phenomenon discoloration tissues injury connected with the action 
oxidising enzymes. 

The hypothesis generally accepted regard oxidising enzymes one 
which classifies these substances direct and indirect. When either the juice, 
water extract, tissue gives immediately blue colour, oxidation 
product, with guaiacum solution, the tissue said contain direct oxidising 
enzyme, oxidase. If, however, the blue colour only appears after addition 
hydrogen peroxide, the tissue said contain indirect oxidising enzyme, 
peroxidase. has been postulated that, general, system which turns 
guaiacum blue consists peroxide and peroxidase: the peroxidase acts 
upon the peroxide and transfers oxygen active state readily oxidisable 
substances, such guaiacum. the case plant tissues which give the 
direct reaction, has been suggested that some organic substance the plant 
acts peroxide, while tissues giving the indirect reaction, the peroxidase 
only present, and the peroxide may supplied artificially the form 
hydrogen peroxide. 

The original conception the hypothesis oxidising enzymes, which 
owe Chodat and Bach, was rather more complex than that outlined the 
foregoing paragraph. These authors regarded oxidase consisting two 
components, peroxidase (as described above) and oxygenase. “Als 
Oxygenasen bezeichnen Chodat und Bach den supponierten eiweisshaltigen 
oder organischen Anteil der bisherigen Oxydasen, der als Peroxyd bildender 
sich mit dem Luftsauerstoff addierend, sich mit ihm einem 


der allgemeinen Formel Mit anderen Worten, sind fer- 


mentartige die sich mit dem Sauerstoff der Luft einem Peroxyd 
verbinden kénnen. Sie werden, wie andere fermentartige durch 
Hitze zerstért, durch starken Alkohol vergiftet und geschadigt 
werden. Sie unterscheiden sich von Peroxyden nur dadurch, 
dass sie wahrscheinlich hochmolekulare [Chodat, 1910.] 


DEVELOPMENT THE ABOVE HYPOTHESIS SUGGESTED THE 
PRESENT WORK. 


following modification the hypothesis oxidising enzymes, or, 
any rate, certain class these substances, suggested from experimental 
evidence described later. 

plants, which brown injury and give the direct oxidase reaction, 
there present peroxidase and, addition, some aromatic compound con- 


taining the dihydroxy grouping characteristic catechol. injury 


autolysis, the peroxidase itself activates the oxidation the aromatic com- 
pound, and the oxidised product constitutes peroxide (of Chodat and Bach). 


The peroxide-peroxidase system formed will then blue guaiacum tincture. 
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would appear, moreover, that the above-mentioned plants the peroxidase 
always associated with compounds containing the grouping. 

has been found possible prevent the formation the peroxide- 
peroxidase system extracting the aromatic compound with alcohol, leaving 
the peroxidase the tissue residue. The peroxidase can then only give the 
indirect reaction. adding the extract the aromatic substance the 
peroxidase, the system can now synthesised and will give the direct re- 
action. 

The above provides extension the system Chodat and Bach, that 
the peroxidase activates the formation its own peroxide. 

plants, the other hand, which give the indirect reaction and not 
brown injury, appears that the peroxidase not associated with com- 
pounds containing the “catechol” grouping, nor will these enzymes activate 
the oxidation such compounds. 

Aromatic compounds, such those suggested, containing the dihydroxy 
grouping the phenol catechol 

are widely distributed plants [corroborated Wolff, 1917 and Wolff and 
Rouchelman, 1917]. Such substances may be, some cases, protocatechuic 
acid, protocatechuic aldehyde, caffeic acid derivatives these: 


COOH 


There evidence (based the characteristic ferric chloride reaction) that 
plants, which brown injury and give the direct reaction, contain sub- 
stances this nature and that they are absent from plants giving only the 
indirect reaction. 

has been shown that the peroxidases plants which give the direct 
reaction when added solutions catechol, protocatechuic and caffeic acids 
(on neutralisation), give brown oxidation products which are effect per- 
oxides. addition guaiacum the mixture the oxidised product and 
peroxidase, blueing takes place. The same result also obtained using the 
aromatic substance extracted from the plant itself. 

The peroxidases plants which give only the indirect reaction, the 
other hand, not act upon catechol, protocatechuic acid, etc., and system 
blueing guaiacum formed their presence. 

Hence pictured that, injury autolysis tissues which dis- 
colour, the peroxidase comes into contact with “catechol-like” substance 
whose oxidation activates. Extracts juices the tissues will then blue 


guaiacum. 
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The conception peroxidases, which oxidise polyphenols the absence 
hydrogen peroxide other peroxide, differs from that formulated 
Chodat and Bach. might maintained that the peroxidase used the 
present account had traces peroxide impurity: even this were so, the 
enzyme must still defined peroxidase, since without action 
guaiacum except the presence added hydrogen peroxide. 


PREPARATION THE PEROXIDASE. 


The employment either expressed juices aqueous extracts tissues 
not recommended for use experiments oxidising enzymes, since the 
presence numerous other substances (sugars, tannins) largely interferes 
with the action the enzymes. Moreover, such liquids, standing, re- 
actions many kinds may take place including those reduction. Hence 
the following method procedure has been employed, and either the fruit 
the Pear the tuber the Potato may used material, though the 
method has been applied other plants. The tissues are very pounded 
and extracted with cold alcohol, whereby the enzymes are precipitated and 
retained the cell residue, while other substances, such sugars and aro- 
matics, are more less completely removed. 

The tissue the Pear fruit constitutes simpler case than that the 
Potato tuber, since the latter contains, addition peroxidase, tyrosinase 
and substance which oxidises, presumably tyrosine. the latter 
reaction that most the darkening expressed Potato juice due. Tyro- 
sinase, however, has action guaiacum [Chodat, 1910]. Pear fruit 
employed, advisable select variety which browns rapidly injury, 
the aromatic content, and possibly the activity the peroxidase, may 
vary different varieties. 

For preparation the peroxidase, pear (or potato) peeled, and from 
are cut thin slices which are rapidly pounded mortar, after adding 
sufficient alcohol prevent, far possible, any exposure the 
tissue air. The alcohol then quickly filtered off filter pump. The 
residue can then ground with more alcohol and filtered. The process should 
repeated two three times, and the grinding should very thorough. 
After the final filtering, white powder left containing the insoluble residue 
the cells including the peroxidase. 

cold water extract the residue made and filtered, the following 
points can demonstrated: 

(a) does not darken standing air. very slight darkening may 
take place after standing number hours.) 

(b) Added guaiacum tincture, produces blue colour within the 
time usually allowed for positive reaction. 

(c) Added guaiacum tincture and hydrogen peroxide, deep blue colour 


obtained. 


. 


OXIDISING ENZYMES 


From the above results appears that the has removed some part 
the system responsible for darkening and for the direct reaction. This point 
will considered again later (see section extraction aromatic sub- 
stances). 

Another point noted that the grinding not sufficiently rapid, 
the residue may discoloured, which case the water extract the residue 
may give some direct reaction. This will also considered later (see section 
laccase). 

Similar results the above were obtained with the tissues fruits the 
Apple and Greengage. 


ACTION THE PEROXIDASE SOLUTIONS VARIOUS PHENOLS 
AND AROMATIC ACIDS. 


aqueous solution the Pear (or Potato) peroxidase (as prepared 
the previous section) added dilute solution pure catechol, yellowish 
tint rapidly developed which eventually deepens yellowish-brown. 
was also shown performing the experiment closed: vessel attached 
gas burette that there was absorption oxygen during the action the 
peroxidase catechol. some this oxidised solution, also containing 
peroxidase, added guaiacum tincture, the latter immediately turned 
blue. 

With solution protocatechuic acid, instead catechol, the same result 
obtained, but only the protocatechuic acid first neutralised. 

Solutions the peroxidase, together with guaiacum tincture, were also 
added solutions other phenols, phenol, quinol, resorcinol, pyrogallol 
and phloroglucinol, and various acids, gallic, tannic, benzoic and sali- 
cylic, each acid being neutralised with sodium carbonate before the addition 
the enzyme. The solution pyrogallol turned brown, and there was some 
darkening with quinol, but when guaiacum was subsequently added, there 
was appreciable blueing any case. 

would thus appear that the Pear and Potato peroxidases are able 
activate the oxidation compounds containing the catechol nucleus, and 
that the oxidation products can act peroxides regards the oxidation 
guaiacum. 

The action the Pear and Potato enzymes crude solution caffeic 
acid was examined the following way. Coffee berries contain caffeatannic 
acid which said glucoside caffeic acid. The ground berries were 
extracted with hot water, filtered, and the filtrate precipitated with lead 
acetate. yellow precipitate the lead salt caffeatannic acid separated 
out. This was decomposed with sulphuric acid, filtered from lead sulphate and 
neutralised. When the Pear peroxidase was added this neutralised extract, 
followed guaiacum tincture, blue colour was obtained. supposed 
that the berry contains some free caffeic acid, since the caffeatannic acid has 


both hydroxyls replaced sugar. 
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similar browning catechol solution, followed blueing when 
guaiacum tincture added, was obtained with enzymes from the following 
tissues (prepared the way above described treating with cold alcohol, 
and extracting the tissue residue with water): fruit Apple and Greengage: 
leaf Pear: flowers Horse Chestnut Hippocastanum), and 
white variety Foxglove (Digitalis). There reason believe that the 
enzymes all plants which brown injury and give the direct oxidase 
reaction (such those above mentioned) will behave the same way towards 
catechol and subsequently guaiacum. 

The peroxidase from the fruit Apple behaves like that the Pear and 
Potato towards protocatechuic acid and crude caffeic acid, and also subse- 
quently towards guaiacum. 

the other hand enzymes (by alcohol) from leaves Yellow Alyssum, 
flowers Mallow (Malva moschata var. alba), white Stock (Matthiola) and 
white Arabis were without action catechol, and there was blueing 
subsequent addition guaiacum tincture. The tissues these plants give 
browning and direct guaiacum reaction. 


EXTRACTION AROMATIC SUBSTANCES. 


This carried out cutting pears (or potatoes) into thin slices rapidly 
possible, and dropping the slices immediately into boiling alcohol. 
After boiling for time, the hot alcohol filtered off. The filtrate then 
distilled vacuo until all the alcohol removed. The residue consists 
comparatively small bulk turbid aqueous solution those substances 
which have been extracted alcohol, the water being largely derived from 
the tissue the fruit tuber. this extract, after filtering, concentrated 
solution lead acetate added. pale yellow precipitate formed, and the 
acetate added until more precipitate produced. The latter filtered 
off and washed. then decomposed with the minimum amount sulphuric 
acid, and the lead sulphate filtered off. 

portion this filtrate nearly neutralised (to litmus) with caustic 
potash solution, and with the following tests are made: 

(a) addition few drops ferric chloride solution, green 
colour produced. further addition little dilute sodium carbonate, 
the green colour changes bluish-purple and finally purplish-red. 

(b) aqueous extract the Pear (or Potato) peroxidase (prepared 
added. The solution aromatics, which has only yellowish- 
brown tint, rapidly darkens deeper brown standing about hour. 

(c) addition guaiacum tincture the solution any time 
within hour after the addition the peroxidase, blue colour obtained. 

addition guaiacum tincture the solution aromatics which has 
been allowed stand for some time without the presence peroxidase, 
blue colour obtained within the time usually allowed for its appearance. 
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[The result (a) also given extracts the Apple and Greengage fruits 
and leaves Pear, all which brown injury. There such result with 
extract Alyssum leaves, which not brown 

The remainder the filtrate then extracted with ether several times 
and the ether distilled off. The residue taken water and the same test 
with ferric chloride repeated. will found give the same reaction. 
not advisable use the ether extract for testing with the oxidising enzyme, 
since ether itself may contain peroxides which complete the system. 

From the above observations clear that hot alcohol will extract from 
the fruit (or tuber) substance which precipitated lead acetate and 
also soluble ether. gives reaction with ferric chloride and sodium car- 
bonate which characteristic catechol, protocatechuic acid, protocatechuic 
aldehyde and caffeic acid, all which substances contain the ortho-dihydroxy 
grouping. This reaction will referred the reaction. 
also clear that the oxidation the substance extracted this way can 
activated the peroxidase, and the product oxidation can function 
peroxide thus completing the system which oxidises guaiacum. 

the solution neutralised before extraction with ether, the latter does 
not appear extract the aromatic substance. 

The precipitation lead acetate, and the solubility alcohol and ether, 
point resemblance between the aromatic substance the Pear (or 
Potato) and both catechol and acid. 

similar and probably identical substance giving the reaction 
was obtained Reinke [1882] hydrolysing Potato juice with hydrochloric 
acid and extracting with ether. had been previously shown Preusse 
[1879] that from neutral alkaline aqueous solution catechol can ex- 
tracted ether, but not protocatechuic acid. Reinke obtained substance 
giving the reaction ether extraction the hydrolysed potato 
after neutralisation, and hence concluded that the substance 
described was not catechol. This conclusion appears confirmed the 
experiments described the present account. Reinke was also unable 
identify his product with protocatechuic acid account its ready solu- 
bility water, protocatechuic acid being only slightly soluble. Reinke 
suggests caffeic acid the only alternative. The fact that the substance 
described the present account not extracted ether from neutral 
aqueous solution indicates that probably acid, but for complete identifi- 
cation would necessary prepare larger scale. 


RELATIONSHIP BETWEEN THE PEROXIDASES THE PEAR AND 
AND LACCASE. 


The direct oxidases plants have generally been termed laccases 
previous investigators [Chodat, 1910]. They are soluble water, from which 
solution they can precipitated alcohol. Hence the method preparation 
usually precipitation the expressed plant juices alcohol. 
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From results described the present account appears possible that 
many the so-called laccases may produced the adsorption certain 
amount the oxidised aromatic (produced during crushing and extraction) 
the precipitate (by alcohol) containing the crude peroxidase. redis- 
solving water, both peroxide and peroxidase will present. has been 
noted already that the Pear (or Potato) tissue either allowed brown 
while pounding with alcohol, insufficiently extracted, the residue may 
coloured, and this case the water extract the residue will give direct 
guaiacum reaction. 

has been found that the case some tissues giving the direct reaction, 
practically impossible prevent browning during maceration with 
alcohol, that the residue always somewhat coloured, and consequently 
the water extract gives the direct reaction. 


INHIBITION OXIDISING ENZYMES. 


has been observed several investigators that the action oxidising 
enzymes may inhibited the presence tannin, and, possibly, sugars. 
There reason believe that many plants may contain enzyme the 
type that the Pear fruit and Potato tuber, and also aromatic with the 
grouping, and yet, injury, browning takes place owing 
inhibition tannin present the tissues. 


CONCLUSIONS. 


The tissues many plants (e.g. fruit Pear, tuber Potato), 
injury exposure chloroform vapour, turn brown: other plants 
browning occurs. Extracts tissues which brown give the direct oxidase 
reaction with guaiacum: those which not brown, the indirect reaction 
only. 

would appear that the direct oxidase system the Pear fruit and 
Potato tuber due the presence peroxidase (which blues guaiacum only 
addition hydrogen peroxide) and aromatic substance giving the 
reaction characteristic the catechol grouping. injury, the peroxidase 
activates the oxidation the aromatic with the formation peroxide. The 
peroxide-peroxidase system formed will then blue guaiacum. 

The aromatic substance giving rise the peroxide can extracted 
and separated from the peroxidase, thus preventing formation the system. 
The system can synthesised afterwards combining the extracted 
aromatic and the enzyme. 

There evidence that plants general which brown injury the 
peroxidase associated with aromatic substance giving the reaction 
characteristic the catechol grouping. such plants the peroxidases activate 
the oxidation the aromatic substances (either obtained from their tissues 
supplied from artificial source) giving rise peroxides, and the system 
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peroxide-peroxidase will then blue guaiacum. (In some plants however this 
type the action may masked inhibited injury presence tannins 
other substances.) 

Plants which not brown injury (and which there apparent 
inhibition) not contain substance with the grouping, and their 
enzymes not catalyse the oxidation substances with such grouping. 


This work part investigation oxidase action and fruit discolora- 
tion carried out for the Food Investigation Board under the general direction 
Blackman the Biochemical Laboratory, Cambridge. 
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Errect ALKALIES THE GROWTH BACILLUS 


earlier paper [Wyeth, 1918] was shown that the final reaction pro- 
duced coli grown glucose peptone was dependent upon the initial 
reaction the medium, and was not physiological had been 
suggested Michaelis and Marcora 

The results obtained the use different media and acids were recorded 
for various initial reactions lying between and absolute neutrality 
(Py 7-00). Since the introduction the hydrogen electrode means 
measuring the reaction liquids few results the investigations the 
growth coli media initially more alkaline than 7-00 have been 
recorded. was thought desirable, therefore, supplement the former 
research making examination the behaviour coli when grown 
glucose peptone made alkaline the addition sodium hydrate: 
endeavour also being made determine “limiting value” alkalinity, 
above which the growth the organism inhibited. 


Material and Experimental Methods. 

Pure cultures coli obtained from human faeces were used. Experi- 
ments described former paper indicate that differences behaviour 
exist between strains human and bovine origin. this connection may 
noted that Murray [1916] made comparative study coli isolated 
from the faeces man, horse, and cow. agrees that all the strains prepared 
exhibited remarkable similarity behaviour, and especially regards their 


acid production. 
sterile glucose peptone medium was prepared the method 
described the former paper. was then rendered alkaline the addition 


if 
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sodium the alkali added before sterilisation, caramelisa- 
tion,—with consequent production and the medium does 
not attain the desired degree alkalinity. The following procedure was 
therefore adopted. number flasks each containing 125 cc. glucose 
peptone were prepared. the contents each flask the required volume, 
viz. (125 distilled water was added. The media were then sterilised 
heating autoclave for hour 120°, allowed cool, and finally the 
necessary volume cc.) sterile NaOH was added the contents 
each flask, which finally contained 250 cc. sterile glucose peptone 
rendered alkaline with NaOH. the series experiments per- 
formed, the value was varied from 7-0 cc. N/10 NaOH per ce. 
medium, and the initial reactions the media ranged from 7-0 
11-0. Inoculation was performed adding each 250 cc. medium 
0-5 ec. pure culture coli grown for hours glucose peptone. 
The inoculated media were then incubated 37° for days, previous experi- 
ments having shown that the fermentation, measured change final 
reaction was practically complete the end the eighth day. 


Results Inoculation Experiments. 


the data given below H,, Hg, etc. refer strains coli obtained 
from human faeces. Final the lowest value recorded during period 
216 hours, and the sign shown column the table indicates that 
positive result was obtained regards fermentation, while “0” indicates 
that negative result was obtained. 


Table coli grown glucose peptone rendered alkaline 
Strain coli used, H,. 


Time incubation 37°, 216 hours. 
Temperature experiment, 20°. 


NaOH* per Final acids 
flask medium tation medium medium 
9-82 4-82 0-02 2-65 
3-0 9-51 4-81 nil 2-80 
2-5 9-40 nil 2-68 
2-0 8-97 4-72 nil 2-65 
1-0 8-51 4-64 0-02 2-75 


Equivalent volumes NaOH were used. 


NaOH was used since higher was required than could have been obtained the 


use NaOH, the approximate reaction which Py=10-00. For ease comparison the 


equivalent amounts NaOH are shown the tables. 


. 


Consideration Experimental Data. 


The above results are typical large number obtained several series 
experiments, and these the final values are represented graphically 
glucose peptone medium possessing initial reaction less than 7-0, the 
final reaction produced the organism when grown alkaline glucose peptone 
whose initial reaction more alkaline than 7-0) dependent upon 
the initial reaction the medium, although varies within narrow limits. 
was found that growth permitted solution the initial reaction which 
9-82, but that medium initial reaction 10-28 inhibits growth. 
There therefore “limiting value” for the initial reaction alkaline 
glucose peptone which lies somewhere between these two values. The final 
acid reaction reached culture coli alkaline glucose peptone the 
highest permissible degree alkalinity initial reaction 9-82) such 
that its which identical with that determined Clark [1915] 
the final acid reaction “human” coli grown medium containing 
Witte peptone glucose. 

the “reaction curve for coli glucose peptone shown 
Fig. (I) the initial reactions plotted the 120° axis are chosen 
cover the whole range acidity and alkalinity within which growth the 
organism this medium permitted. The form the curve representing 
the final reactions recorded shows that they form ordered series lying 
between the acid limit (approximately) 4-27, and the alkaline 
(approximately) Further, the connection existing between the 
initial reaction the medium and the final reaction the resulting culture 
such that change the reaction the former, whether the acid 
the alkaline direction, produces corresponding, but much smaller, 
change the latter. The form the reaction resultant curve Fig. (1) 
shows also that the resultant reactions obtained throughout the whole range 
bacterial activity are due the production constant amounts acid. 
addition measuring the final reactions the cultures quantitative 
determination the principal products fermentation was made, some the 
results which are shown Table columns and was found that 
practically ammonia formed during the fermentation, and that, although 
considerable volumes volatile and fixed acids are formed, the actual amounts 
each are approximately constant throughout the whole range experiment, 
thus confirming the inference drawn from the form the reaction resultant 
curve (Fig. evident that the fermentation coli glucose 
peptone all intents and purposes exclusively saccharolytic. order 
find whether proteolysis supervened after saccharolytic fermentation was 
complete number cultures were allowed ferment for more than days. 
number instances rise E.M.F. equal millivolts was observed, 
and this was sufficiently constant occurrence prohibit the assumption 
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that was always due experimental error, although must conceded 
that such variation any individual culture certainly does fall within the 
limits experimental error. That small reversion the alkaline direction 
found only certain proportion the cultures proves conclusively that 
appreciable amount proteolysis occurs. 

constructing titration curve for acetic acid glucose peptone 
and using this conjunction with the initial reactions the cultures subjected 
quantitative examination, and also with the amounts acid formed therein, 
curve was constructed showing what would the reaction resultants 
theoretically produced the formation the volumes acid actually found 
result these experiments. This curve was the same shape that 
resulting from the final reactions actually found, and given Fig. 
The conclusions arrived after examination the initial and final re- 
actions the cultures, and after quantitative determination the 
products fermentation are therefore found absolute agreement. 
must concluded that neither the acid, nor the alkaline range 
initial reactions the final acid reaction attained cultures coli 
glucose peptone physiological constant. has already been shown 
Wyeth, 1918] that the degree acidity necessary inhibit the fermentation 
coli given medium subject very slight variations when different 
acids are added produce the initial acid reaction the medium, and 
possible, therefore, that similar small variations the alkaline inhibition- 
point may caused varying the alkali used produce the initial alkaline 
reaction the medium. Similar—but larger—variations may expected 
result from the use different media, has already been demonstrated 
for glucose peptone and glucose phthalate media whose initial reactions lie 
between P,, 4-0 and 7-0. may permissible, perhaps, point out that 
certain parts the reaction resultant curve coli grown glucose 
peptone, the final reaction resultant values present little variation that 
only the comparison large number cultures, the initial reactions 
all which have been accurately measured means the H-elec- 
trode, that possible detect this ordered relationship between the initial 
and final reactions the cultures. will shown below, this applies 
less extent the curve for cultures the same organism peptone. 
The very narrow limits between which the final reactions produced coli 
grown glucose peptone (or similar media) can vary, appears have led 
number earlier investigators,—few none whom appear have 
subjected the initial reactions their media small and accurately-measured 
variations,—to postulate physiological constant for the final reaction 
coli grown the media with which they experimented. 

The results recorded earlier paper, together with those now pre- 
sented, conclusively disprove the existence such constant for coli, and 
Wolf and Harris [1917] arrive the same conclusion regards sporogenes 


and perfringens. 
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Since the indole test frequently employed for diagnostic purposes, and 
proof the presence faecal water and other media, was thought 
desirable determine whether indcle production ran parallel with the growth 
the organism, measured the change occurring the medium 
employed, whether fermentation unaccompanied indole formation could 
demonstrated. 

The influence exerted acids and carbohydrates upon the production 
indole cultures coli has already engaged the attention number 
investigators, but few exact measurements the true acidity such cultures 
appear have been made. Although the primary object the experiments 
described below was determine the effect, any, acids and alkalies upon 
indole production was found impossible entirely separate this question 
from the much wider one the influence carbohydrates upon indole forma- 
tion, since, will shown, the statements made certain investigators 
regarding this latter phenomenon are means concordant. was there- 
fore considered desirable undertake number experiments involving the 
use peptone containing various carbohydrates. 

Peckham [1897] found indole production may taken 
approximate measure the amount protein digestion due the 
organism. 

Theobald-Smith [1897] found that the third fourth day incubation 
coli cultures bouillon gave the indole reaction when the acidity was equal 
(by phenolphthalein), when litmus was coloured faintly blue 
the liquid, while with Dunham’s solution well-marked violet-red colour was 
developed the end three days. suggests that coli and other faculta- 
tive anaerobes can produce indole only when they are contact with oxygen. 

Marshall [1907] showed that coli grown for five days 37° peptonised 
beef broth containing 2-0 lactose failed produce indole. 

Glenn [1911] added considerably our knowledge the influence 
carbohydrates the production indole His chief results are 


shown below. 
Indole production 


acid hours 
Gas produced 


found that, the case coli, both glucose and lactose inhibit the 
production indole, but, with Proteus vulgaris, lactose does not exert 
inhibitory effect. considers that his results “do not disprove the conclusion 
that the production acid inhibits the formation indole,” and concludes 


a 


also that the presence more than glucose always inhibits 
the production indole coli grown With Proteus vulgaris 
found that the addition lactic acid sufficient produce acidity equal 
that 0-5 lactic acid inhibits indole production but that less than 0-5 
the acid does not produce appreciable retardation the process. 

Fischer [1915] found, however, that the sugars, lactose, maltose, 
galactose, fructose, and glucose, only the last named completely retards the 
formation indole. Total inhibition occurs after hours medium con- 
taining from 1-80 2-25 glucose. considers that the acids formed 
play role causing the retardation and that neither the H-ion concentra- 
tion nor the concentration the undissociated acids can taken the 
reason the retardation. concludes that the acid curves constructed 
well the retardation experiments performed with mixture galac- 
tose and glucose, make appear possible that lactose not first hydrolysed 
coli but fermented such. The cause the retardation, suggests, 
depends upon peculiar property the glucose which enables inactivate 
the proteolytic enzyme produced the 

Homer [1916] suggests that the lessened indole formation resulting from the 
activity coli glucose-containing media due the formation 
glucose-tryptophan complex which less easily attacked than tryptophan 
itself. This complex she regards chemically unsuitable for bacterial de- 
composition and hence lessened growth coli ensues. 

Zunz and [1916] found possible grow coli physio- 
logique” and physiologique peptone” and that these 
media indole formation occurred less than hours and hours respec- 
tively. They conclude that indole production coli depends upon the 
medium being rich tryptophan and that the presence certain carbo- 
hydrates inhibits the reaction. Unlike Glenn, they found that medium 
containing peptone water saccharose permits growth coli together 
with indole formation within hours—but not within hours—after 
inoculation. Fischer does not appear have experimented with saccharose, 
but, like Zunz and Gyérgy—and unlike Glenn—he found that neither 
lactose nor maltose added peptone medium sufficed inhibit the 


Material and Experimental Methods. 


number media containing peptone were prepared and inoculated 
methods similar those previously described. The initial reactions the 
tubed media were produced the addition either N/10 HCl NaOH 
such quantities produce different media whose initial reactions 


Wolf has recently examined thirteen strains proteus isolated from wounds, and has 
found that none them produced indole. possible that Glenn was working with impure 


strains this organism. 
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peptone approximate neutral initial reaction were prepared 
each containing one the following carbohydrates: glucose, maltose, 
lactose, saccharose, starch and mannitol. 

order determine the influence, any, exerted acids alkalies 
upon indole formation peptone number sets the tubes this 
medium first mentioned above were inoculated with coli and incubated 
37°. They were tested for the presence indole and the the cultures 
recorded the end hours after inoculation and then intervals 
hours the end the ninth day incubation. The rosindole and 
vanillin-hydrochloric acid tests were employed determining the presence 
absence indole the cultures. number the results obtained are 
embodied Tables and and The coli used were faecal 
origin, and differences were exhibited between those human and those 
bovine origin. 

The results obtained with number cultures coli grown 
peptone, containing glucose but having been made different initial 
reactions may summarised follows: 

(i) Whether the medium rendered acid (initial reaction less than 
7-0) the addition alkaline (initial reaction greater than 
7-0) the addition NaOH, indole production always occurs the initial 
reaction the medium such permits fermentation take place. 

(ii) the initial reaction the medium approximate either the 
acid the alkaline 9-37) limiting value for the growth 
peptone, the indole formation subject well marked retarda- 
tion, some cases being delayed for 144 hours, whereas over the greater part 
the range the initial reactions employed indole formed within 
hours after inoculation. 

(iii) matter what may have been the initial reaction the 
medium, indole was never detected the culture unless and until its reaction 
reached value lying between 4-70 and 9-20. Thus 
the initial reaction which was and which the acidity ultimately 
fell 5-92, the production indole was not observed until the expira- 
tion 144 hours after inoculation, the reaction the culture then being 
the neighbourhood 4-80. Similarly, culture initial reaction 
the alkalinity which eventually diminished 8-55, indole 
was first detected hours after inoculation when the reaction the culture 
was found 8-80. the other hand with cultures whose 
reactions lay between and 5-20 indole invariably was found 
less than hours after inoculation. 

case was the presence skatole detected. 


Consideration Results Experimental Data. 


would appear that the presence indole culture may safely 
taken indication the presence coli faecal origin, but that its 
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production—like the growth the organism itself—is retarded the presence 
the medium excess free acid alkali. The inhibition indole 
formation may, however, one result lowered vitality the coli 
consequent upon the presence this excessive amount acid alkali, and 
may even precursor the death the organism, brought about 
the action these substances. The results these experiments appear 
confirm Fischer’s statement that the acids and alkalies formed result 
fermentation coli not cause inhibition indole production. 
this point Glenn comes definite conclusion although appears lean 
towards the opinion that the inhibition indole formation may due the 
presence acids formed during fermentation. 

experiments with grown peptone, had the indole formation 
occurred only the most acid media the series under examination might 
argued from comparison Curves and Fig. that the inhibitory 
effect produced the addition glucose peptone medium might due 
solely the production acids result saccharolytic fermentation. 
This would, first sight, appear more probable since the final acid 
reactions produced coli fermenting glucose peptone lie between 
and 4-82. Indole formation completely inhibited cultures 
coli glucose peptone throughout this range reaction, and also 
peptone media long their reactions remain more acid than 
4-70. Since the latter cultures the inhibition obviously the result 
added acid, and the two ranges reaction are practically identical, there 
hand obvious explanation the inhibitory action due the presence 
glucose the former class cultures. This explanation, however, cannot 
correct for the following reasons: 

(i) period during the fermentation glucose peptone medium 
does coli produce indole even when the initial stages the process the 
reaction the culture much less acid than 4-70. 

(ii) The retardation indole formation coli fermenting 
peptone occurs not only when excess acid present but also when there 
excess alkali present the medium. Inhibition persists long the 
reaction the culture more alkaline than 9-20. appears probable 
therefore that the inhibition indole formation cultures coli 
peptone containing excess either acid alkali due cause entirely 
different from that which operates when the inhibition results from the 
presence glucose the medium. the former case the inhibition may 
due lowered vitality the organism, produced the action the free 
hydrogen ions present, while the latter instance the cause 
the inhibition may attributed peculiar property the glucose, which 
enables inactivate the proteolytic enzyme the coli. 
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THE INFLUENCE CERTAIN CARBOHYDRATES AND ALLIED COMPOUNDS 
UPON THE PRODUCTION INDOLE MEDIA. 


For these experiments the tubed media containing peptone together 
with either added carbohydrate were used 16). The media 
were inoculated with different strains coli. The cultures were incubated 

37° and examined the end periods hours recorded the sub- 
joined tables. 


Indole formation the end hours 


Medium inoculated Gas 

Indole formation hrs after inoc ulation 
Medium inoculated Gas 

From the above results appears that the retardation produced either 


percentages starch retardation, while that produced mannitol 
comparatively slight. Lactose and maltose appear possess less retarding 
power than does glucose since maltose lactose produces but little 
effect while either these sugars produces retardation approximating 
the inhibition resulting from the action glucose. Since the 
initial reaction all these cultures approximated 7-03 may 
concluded that where retardation was observed could not ascribed the 
initial presence (or the ultimate production) alkali acid, but must 
the result some specific action the added carbohydrate. must also 
noted that where partial retardation occurred, the production indole 
was observed precisely the time when,—if inhibition were due resultant 
acidity,—it should begin inhibited. 


Errects AND ALKALIES THE GROWTH COLI 


Material and Experimental Methods. 


number flasks and tubes peptone medium various initial 
reactions were prepared described As, the case the experi- 
ments with glucose peptone, the acid used was N/10 HCl and the alkali 
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employed was NaOH. Some twenty sets media whose initial reactions 
ranged from 3-50 10-50 were prepared. Inoculation and incu- 

bation were performed the preceding experiments. 
The tubed cultures were examined for changes reaction and for the 
production indole, while the flask cultures were submitted the same tests, 


and addition, quantitative determination the products fermentation 


was made. 
The results obtained the two series experiments are shown the 


subjoined Tables and III and reaction resultant curve for grown 
peptone was constructed, and shown Fig. (II). 


Table coli grown peptone rendered acid the addition 


hydrochloric acid. 


Time Incubation 37°, 216 hours. 
Temperature Experiment, 20°. 

Ce. 


N/10 HCl NH, pro- acids pro- 
added per Initial duced per duced per 
flask medium tation medium medium formation 
4-33 5-92 0-64 0-49 144hrs 
1-0 5-20 8-00 
Table coli grown peptone rendered alkaline the addition 
NaOH. 
Strain coli used, 
Time Incubation 37°, 216 hours. 
Temperature Experiment, 20°. 
NaOH added Initial Final duced per produced per 
flask medium* tation medium medium formation 
3-0 9-3 8-55 3°95 
hrs 


Equivalent volumes NaOH were used. 
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Consideration Experimental Data. 


The salient fact revealed study the values the initial and final 
reactions recorded Tables and (columns and that there 
for coli grown peptone,—as for the same organism glucose 
peptone,—an obvious connexion between the initial reaction the medium 
and the final reaction the culture. This represented graphically the 
reaction resultant curve (II) Fig. Next observed that there 
“acid” and “alkaline limiting value” the initial reactions between which 
growth permitted but beyond which the activity the organism in- 
hibited. The limiting value the acid range initial reactions lies between 
4:33, which permits, and 3-93 which inhibits the fermentation 
coli peptone. The degree alkalinity which serves inhibit 
fermentation lies between initial reaction 9-37 which permits and 
which inhibits the process. The activity coli peptone 
thus found determined almost the same initial conditions acid 
and alkaline reaction the case with the same organism fermenting 
glucose peptone. 

There are however striking differences between the behaviour 
when grown the two media, may seen comparing Table with 
Tables and III, and also Fig. (I) and Fig. (II). 

both media the final reactions attained culture the bacillus 
occupy positions unbroken curve, and both media diminution the 
initial acidity the medium results diminution the resultant acid 
reaction the culture but beyond these general resemblances the similarity 
does not extend. 

Whereas the range initial reactions within which growth possible has 
been shown practically identical for coli grown the two media there 
remarkable difference between the range final reactions attained 
them. glucose peptone the final reactions vary between the very 
reactions produced the organism are widely separated 5-92 and 
8-55 while quite possible that further experiments may lower the 
Curve Fig. 

obvious that the case coli grown peptone any suggestion 
“physiological constant” for the final reaction values cannot enter- 
tained. will noted that the curve (Fig. representing the reaction 
resultant coli grown peptone cuts the axis which the initial 
reactions the medium are plotted point representing reaction 
medium which the initial reaction were exactly 8-48 the fermentation 
coli this medium should unaccompanied any change reaction. 
Several attempts prepare medium this initial reaction were made, but 
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without success. The medium most closely approximating that desired 
had initial reaction 8-51. it, fermentation was very active, 
indole, ammonia, volatile and fixed acids being formed large quantities 
while the final reaction became slightly less alkaline—the ultimate value being 
8-46. 

Passing from this point the acid “death-point” the organism 
observed that for cultures medium which the initial reaction acid 
less than 7-0) possessing alkalinity less than 8-48, the 
activity the bacillus results change the reaction the culture 
alkaline direction. The inference which naturally would drawn from 
inspection this region the reaction resultant curve, viz. that the fermen- 
tation coli peptone the initial reaction which less alkaline 
than 8-48 results the formation excess alkaline products, the 
reaction the culture thereby becoming more alkaline than 8-48, 
confirmed the results the quantitative examination the products 
bacterial activity (Tables and III, cols. and 7). 

the absence sugar, the action coli peptone frankly proteo- 
lytic, the higher nitrogenous complexes being decomposed, with the consequent 
formation ammonia, acids and indole. 

When, however, coli ferments alkaline peptone, the initial 
reaction which more alkaline than 8-48 the activity the organism 
results diminished alkaline reaction the culture (e.g. medium whose 
initial reaction 8-89, reaches final reaction 8-51). Reference 
the results quantitative examination the fermentation products shows 
that this diminished alkalinity due rapid increase the amount 
acid produced. general may observed that, the initial reaction 
the production alkali first more marked than that acid, 
while the latest stages the increase acid production greater than that 
alkali formation. This accounts for the “reversion” the course the 
reaction when the critical point 8-48 passed. must emphasised 
that the reversion does not proceed far enough interrupt the regular path 
the reaction resultant curve (Fig. since any given culture eventually 
reaches final reaction which more alkaline than that attained the next 
lower (more acid) member the series. 

complete and accurate estimation the fixed acids produced the 
reactions was not performed, but sufficient data were obtained show that 
the neighbourhood the “alkaline limiting value” the total 
acids formed were excess the alkaline products, whereas cultures the 
initial reactions which were acid, neutral, slightly alkaline (initial 
4:33 8-00) the ammonia production was greater than the formation 
acids. evident that the theoretical yield product culture whose 
initial reaction 8-48 (and therefore constant during fermentation), 
should consist equivalent quantities acid and alkali. With the aid 
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titration curves for acetic acid and ammonia added alkaline and acid 
peptone respectively curve was plotted which represented the effect pro- 
duced the addition peptone the amounts ammonia and acids 
found the quantitative determinations performed. 

This was done taking turn the initial reaction each culture and 
finding from the acetic and titration curve what would the effect upon the 
initial reaction the amount acid actually found experiment were added 
the medium. the new reaction value thus obtained then applied the 
correction representing the effect produced the amount ammonia the 
presence which had been determined the experiment, this correction 
having been found from the ammonia titration curve. The final resultant 
obtained each case represents the theoretical “reaction the 
fermentation. The whole series values thus obtained was plotted 
reaction resultant curve, which was found similar to, but not quite 
coincident with, that shown Fig. (II). This indicates that the curve repre- 
senting the observed final reactions such would result had been plotted 
from series final reaction resultant values produced the formation 
increasing amounts acids and ammonia series media increasing 
alkaline reaction, the amounts these acids and ammonia being the same 
order those found the foregoing experiments. 


SUMMARY. 


Growth coli possible peptone media certain well-defined 
initial reactions, the limiting values which are but slightly, all, affected 
the presence absence sugars. 

The approximate limits initial reaction are 9-87. 

change the initial reaction the medium results change, 
similar direction, but smaller magnitude, the final reaction the 
culture. 

the case coli grown glucose peptone, while the initial 
reactions the media vary from 4-30 9-82 the final reactions 
attained vary only between the very narrow limits and 4-82. 

the case the organism grown peptone, when the initial 
reaction the medium varied from 4:30 9-37, the final 
reactions the cultures vary from 5-92 8-55. 

The saccharolytic fermentation resulting from the growth 
glucose peptone renders the culture more acid than the original medium. 

The proteolytic fermentation resulting from the growth 
peptone causes increase final alkalinity resulting culture 
unless the initial reaction lies between the alkaline limiting value 9°37 
and which case the final reaction the culture less alkaline 
than the initial reaction the medium. 
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The saccharolytic fermentation coli glucose peptone media 
different initial reaction produces approximately constant amounts acids 
and appreciable amount ammonia. 

The proteolytic fermentation coli peptone results the 
formation acids and ammonia, the amounts both which increase 
the initial reaction the medium varied the direction increased alka- 
linity. Near the alkaline limiting value the production acids greater 
than that ammonia. 

10. The formation indole retarded the presence free alkali 
acid the medium. 

11. The presence certain sugars causes inactivity the proteolytic 
enzyme produced the bacillus and thus inhibits the formation indole. 

12. Different carbohydrates exhibit different degrees indole-inhibiting 
power. The addition glucose peptone media produces complete in- 
hibition indole formation; lactose maltose produce almost 
complete inhibition, while that produced saccharose mannite 
only partial. starch possesses inhibitory power. 
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OBSERVATIONS THE ALBUMINOID 


time ago this laboratory was found that effluents fair and even 
very good quality were yielding albuminoid ammonia figures 1-0 2-0 
parts per 100,000, while pure drinking water gave figures varying from 0-02 
0-1. 
The albuminoid ammonia figures good effluents generally approximate 
0-15, while the case pure waters the figures are generallv less than 
0-005. 

was evident that the technique involved some very considerable error, 
which quite vitiated the value the test, and was necessary make 
investigation ascertain the cause these abnormally high figures. 

The distilling apparatus seemed quite above suspicion, the corks 
were securely covered with tin-foil and there was difficulty obtaining 
ammonia-free water. Furthermore, the free and saline ammonia figures were 
normal. 

Some impurity the chemicals used the albuminoid ammonia deter- 
mination was therefore suspected. had been observed that the 
ganate-alkali mixture was very difficult free from ammonia, but after two 
days’ boiling was always apparently possible free the mixture single 
distillation the apparatus. 

The great difficulty experienced suggested however that possibly the 
mixture was not after all free from nitrogenous material and that diluting 
and redistilling with ammonia-free water further yields ammonia might 
obtained. 

was resolved test this possibility experiment. Potassium per- 


manganate and caustic soda the usual proportion respec- 
tively were boiled together small flask with ammonia-free distilled water 
for two days. The mixture was then poured into litre ammonia-free water 
the distilling apparatus and distillation was carried out. Large amounts 
ammonia were generated, e.g. 0-0001 When the ammonia ceased come 
over, the ammonia-free distillate was collected and the contents the flask 
were concentrated small bulk. The ammonia-free distillate was next 


poured back and the distillation reeommenced. much ammonia was again 
produced the first distillation. This could often repeated for several 
days; sometimes however the generation ammonia ceased after few 
distillations. Taking 0-0001 typical yield from one distillation, 
500 drinking water are used the albuminoid ammonia determination, 
this would correspond the enormous error 0-02 parts per 100,000. 
Occasionally single distillation yielded even larger amounts, and the error 
was correspondingly increased. 

was evident that this was any rate one source error. The per- 
manganate-alkali mixture could apparently cleared ammonia 
single distillation, but when added the water being analysed the dilution 


and boiling would lead the production more ammonia, sufficient 
amount give altogether inaccurate results. 
Prolonged boiling rarely led the purification the mixture, and was 


concluded that stable nitrogenous impurity was present which only decom- 
posed with extreme slowness. The condition favourable decomposition was 
great dilution, while concentration stopped the process entirely. 

Through the kindness Prof. Harden, sample permanganate-alkali 
mixture was obtained from laboratory which normal albuminoid figures 
were being obtained. When cc. this solution (containing per- 
manganate and alkali) was distilled with ammonia-free water, only 
0-000005 ammonia was generated each distillation. This corresponded 
the small error the albuminoid-ammonia figure water 0-001 parts 
per 100,000. 

was thought that this mixture could employed ascertain whether 
the impurity existed the permanganate the soda the contaminated 
mixture which was yielding the high results. 

Accordingly the pure mixture was boiled with the suspected 
permanganate for two days and the solution was then distilled with ammonia- 
free water the ammonia apparatus. Large amounts ammonia were 
generated, e.g. 0-0001 ammonia each distillation. This pointed the 
existence nitrogenous impurity the permanganate. 

The pure mixture was next separately heated with the suspected 
soda and distilled before. During each distillation only small amounts 
ammonia were produced, e.g. 0-000005 

The impurity was thus chiefly concentrated the permanganate. 

Experiments were next carried out with the same brand permanganate 
and soda constituted the pure mixture. solution was prepared this 
laboratory, and after one day’s boiling generally yielded error about 
0-001 0-002 parts per 100,000 albuminoid ammonia determination for 
water. one occasion the error was 0-003. 

Some control experiments were also carried out ascertain the amount 
albuminoid ammonia generated from strychnine when decomposed the 
permanganate-alkali. The alkaloid yields half its nitrogen content albu- 


THE ALBUMINOID AMMONIA TEST 


minoid ammonia. The results would expected were about high, 
since 0-0001 were produced from the strychnine this would increased 
about 0-00011 owing the trace nitrogenous impurity the perman- 
ganate. 

For ordinary work this would sufficiently accurate, but for very im- 


portant work would advisable make control estimation, under the 


same conditions dilution and rate boiling, the ammonia yielded one 
distillation the permanganate-alkali mixture with ammonia-free water. 
This figure could then subtracted from the figure obtained for the water 
sewage effluent which was being analysed. 

When fresh supplies chemicals come into the laboratory, tests should 
made before using them routine work ascertain whether the organic 
impurity present unusually large amount. 

The presence this oxidisable may one explanation the 
observed decomposition about the permanganate the control 
distilled water test carried out the determination the Tidy figure 


Initial titration N/80 permanganate, equals 14-9 cc. standard thiosul- 
phate. 
(10 permanganate, 
100 ce. distilled water.) 


Titration after hours’ incubation 27° equals 14-2 cc. thiosulphate. 


SUMMARY. 


Potassium permanganate may contain stable nitrogenous impurity 
which cannot rule removed prolonged boiling with alkali. 

not decomposed all concentrated alkaline solution, 
but gradually decomposes when the solution considerably diluted. Conse- 
quently permanganate-alkali mixture can apparently freed from ammonia 
boiling with water, but when the resulting concentrated solution again 
diluted and distilled, ammonia may once more liberated large quantities. 
When the mixture apparently freed from ammonia boiled with the water, 
the albuminoid ammonia figure which being determined, the yield 
ammonia thus greatly augmented that liberated from the permanganate. 

The error involved may great vitiate the value the 
albuminoid ammonia test altogether. 

the case purer brand permanganate the error reduced 
about 0-002 parts albuminoid ammonia per 100,000. 

essential routine work test fresh supplies chemicals 
ensure that the impurity not present excessive amount and very 
accurate work control experiment should made during each determination 
albuminoid ammonia. 
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THE experiments recorded this paper deal with the effects produced 
(a) colloidal iron and (6) iodine solution potato starch water. The 
starch solution was obtained adding starch suspended small volume 
cold water the required volume boiling water and continuing the 
boiling for one minute. 


THE PRECIPITATION STARCH COLLOIDAL IRON. 


There are considerable differences opinion regarding the nature starch 
granules, but, generally speaking, starch now regarded consisting two 
substances. who investigated the action hydrochloric acid and 
amylolytic enzymes starch proposed the names amylogranulose and amylo- 
cellulose designate them. Amylogranulose, the chief constituent starch, 
goes into solution under the action hydrolytic agents and gives blue colour 
with iodine. Amylocellulose the other hand does not into solution under 
these conditions and not coloured blue iodine. This work has been 
extended Maquenne and Roux 1905] and Fernbach and Wolff 
From their experimental results they deduce that starch granules 
consist two substances, amylose and amylopecten. the 
chief constituent starch, insoluble cold water but completely soluble 
water boiled under pressure. cooling such solution the soluble amylose 
tends revert the insoluble form. Amylopecten, the other hand, 
entirely different nature. swells without dissolving when heated with 
water and not coloured blue with iodine. 

The results recorded the following pages indicate that the soluble 
portion starch (amylogranulose) may further differentiated into series 
fractions. 

(i) Precipitation colloidal iron only. 


The investigations Bottazzi and Victoroff [1910] the electrical state 
starch solution indicate that starch electrically neutral. This con- 
clusion not supported the effects observed when colloidal iron added 
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solution starch. Under these conditions three well marked phases may 
recognised: (i) portion the starch precipitated the colloidal iron 
only, (ii) second portion the starch carried down with the colloidal iron 
when electrolyte added the solution, and (iii) the filtrate from (ii) con- 
tains starch which not precipitated colloidal iron either the presence 
absence electrolytes. 

The amount starch precipitated colloidal iron only shown the 
following experiment. 

Colloidal iron was added starch the following proportions: 


Colloidal iron Starch H,O 


gelatinous precipitate was produced each case. This precipitate was 
allowed settle, after which the amount starch remaining the clear 
fluid, and the amount starch the original solution, were determined. 
both cases was found that the original starch was precipitated 
the colloidal iron. The amount starch precipitated was independent the 
amount iron added. The lower limit, giving the minimal amount iron 
necessary for precipitation, was not determined. Precipitation presumably 
depends upon the neutralisation the negative charge the starch the 
positive charge the colloidal iron. became interest therefore deter- 
mine how far the precipitation limits colloidal iron electrolytes were 

influenced the addition solution starch it. 
The minimal quantity potassium sulphate required precipitate cc. 

colloidal iron given the following figures. 


8-95 0-05 ce. precipitation 
8-9 0-1 
8-8 0-2 
8-6 0-4 
0-5 Complete precipitation 


With 0-4 cc. M/10 there was formation distinct granules, 
but there was obvious change the appearance the solution viewed 
partially reflected light. 

The same experiment was repeated except that cc. starch replaced 
added water, thus: 


Colloidal iron Starch M/10 
3-95 0-05 
0-1 
0-2 
0-4 Partial precipitation 
0-5 Complete 


the first four tubes there was precipitate starch, but this precipitate 
was greatly augmented precipitated iron the fifth tube. the sixth tube 
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complete precipitation the iron had been produced. The partial precipita- 
tion the colloidal iron the presence starch 0-4 
compared with the amount 0-5 required when starch was 
present indicates that the starch had diminished small degree the quantity 
electrolyte required for precipitation. The results show that the electric 
charge starch solution negative, though small comparison with the 
electropositive charge colloidal iron. 


(ii) The precipitation starch colloidal iron the presence electrolytes. 


The amount starch precipitated from solution colloidal iron in- 
creased the presence electrolytes. But however much colloidal iron may 
used, and however much precipitating electrolyte may added, some 
starch remains the filtrate. The amount starch not precipitated 
colloidal iron the presence electrolytes was determined. 

Five minutes later 1-2 cc. were added the precipitating electro- 
lyte. The resultant filtrate was water clear appearance but gave deep blue 
colour the addition iodine. The quantities starch the original 
solution and filtrate were determined hydrolysis dextrose. The results 
showed that starch was precipitated whilst remained solution. 
Now previous experiment had shown that the addition colloidal iron 
only the starch solution the starch was precipitated. must 
therefore conclude that the original starch carried down colloidal 
iron precipitated electrolytes. The results show that three types starch 
must recognised present solution potato starch water: starch 
precipitated from solution colloidal iron only; starch taken down with 
colloidal iron when precipitated divalent negative ion; (y) starch not 
affected colloidal iron any way. The results given above show that 
may remarked that the first fraction (a) includes the insoluble constituent 
starch (amylocellulose) since this insoluble constituent would mechanic- 
ally carried down the soluble starch precipitated the colloidal iron. 
this assumption the starch granule consists amylocellulose and amylo- 
and (y), the terms (a), (8) and (y) designating those varieties 
which are precipitated (a) colloidal iron only, colloidal iron the 
presence electrolytes, and not precipitated colloidal iron. 

This, however, does not exhaust the possibilities the substances con- 
tained the starch granule, since precipitation iodine the presence 
electrolytes, the amount iodine added being just short that required for 
complete precipitation the starch, gives filtrate which coloured brown 
iodine. This colour due the presence dextrin the starch solution. 
The presence dextrin might due its production when the starch 
dissolved boiling water, but against this hypothesis the fact that glycogen 
dissolved cold water gives similar results. The complete precipitation 
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starch equivalent quantities iodine the presence electrolytes shows 
that the granule contains soluble substances which not react with 
iodine. appears reasonable conclude that the starch granule contains 
large number polymers the general formula increasing 
complexity from dextrin celluiose, the dextrin and cellulose being present 
small quantities whilst amylogranulose (8) and (y) form the bulk the 


Probably other methods precipitation would differentiate the 


amylogranulose (a) into series fractions. 


THE PRECIPITATION STARCH IODINE AND ELECTROLYTES. 


When iodine dissolved potassium iodide added solution starch 
water two characteristic changes may observed: (i) the solution assumes 
deep blue colour, and (ii) the lyophilic emulsoid colloid starch changed 
into suspensoid colloid marked lyophobic character. 

considerable amount experimental work has been done determine 
the nature the changes involved. Owing the varying content “starch 
iodide” the chemical aspect the problem has given place views which 
the physical element predominates. Kiister [1894] put forward the hypothesis 
that iodide starch consists solid solution iodine starch, and ex- 
plained this way the varying content the iodine starch iodide with the 
iodine concentration the solution with which was equilibrium. Harrison 
the other hand considered that the case iodine and starch 
adsorption compound was formed. The most recent work this subject has 
been done Barger and Field [1912] their analyses the phenomena 
observed the formation blue adsorption compounds iodine with various 
substances. From their experimental work they conclude that the addition 
iodine starch there considerable adsorption iodine, that the pre- 
sence electrolytes (potassium iodide) necessary bring about this 
adsorption, and that the blue substances formed behave negative suspension 
colloids which have been rendered lyophobic the iodine adsorbed. 

The electronegative nature starch iodide was shown the experiments 
Padoa and Savaré which starch iodide moved the anode when 
placed electric field. The experiments Barger and Field the pre- 
cipitation starch iodide cations inorganic salts confirmed this deduc- 
tion the electronegative nature starch iodide and demonstrated that 
the addition iodine starch changed lyophilic emulsoid colloid (the starch 
solution) lyophobic suspensoid colloid (starch iodide). The facts that 
starch dissolved water forms emulsoid colloid and carries small negative 
charge, that the reacting iodine dissolved potassium iodide presumably 
ionised and negatively charged, and that the resulting starch iodide forms 
suspensoid colloid and also negatively charged, militate against the accep- 
tance purely physical hypothesis for the explanation those changes 
which occur when iodine added starch. The experiments recorded the 
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following pages the effects observed when iodine dissolved potassium 


added solution starch indicate that the iodine first reacts 


quantitatively with the starch producing definite chemical compound and 
that the starch iodide thus formed lyophobic suspensoid colloid which 
adsorbs iodine from solution according the recognised laws adsorption. 


(A) The quantitative relation iodine starch. 


The following experiments indicate that the addition small quantities 
iodine starch reaction takes place accordance with the recognised 
laws chemical action. 

(i) Varying Varying quantities iodine were added 
solution starch contained series tubes, and the resulting starch 
iodide was precipitated from solution small quantity magnesium 
sulphate. After interval five minutes the contents the tubes were 
filtered and the filtrates were tested for excess iodine starch. The follow- 
ing figures show the results obtained typical experiment: 


0-3 ce. 9-6 0-1 ce. Excess starch 
0-5 9-4 0-1 
10 0-6 9-3 0-1 
0-7 9-2 0-1 Nil 

9-1 0-1 Excess iodine 
10 0-9 9-0 0-1 


experiment done under these conditions shows that when iodine 
added starch, and the lyophobic starch iodide precipitated from solution 
divalent ion, point reached which the filtrate contains neither 
starch nor iodine. Previous this point the filtrate contains excess 
starch, and after this point the filtrate contains excess iodine. 
difficult postulate hypothesis which would explain these results the 
basis physical adsorption. The occurrence definite point which the 
filtrate contains neither starch nor iodine suggests that iodine reacts chemically 
with the starch, and that this point there definite chemical equivalence 
the starch and iodine. This deduction strengthened the experimental 
observations that the equivalent point not affected dilution, temperature, 
precipitating electrolyte. 

(ii) Varying concentration starch. the following experiment the 
quantity starch, contained final volume was varied from 
precipitating electrolyte (MgSO,) was added each case and the quantity 
iodine required produce filtrate containing neither starch nor iodine 


determined: 
10 5°75 4-5 0-2 No iodine 
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0-8 starch H,O MgSO, Filtrate 
3°8 0-2 ce. Excess iodine 
6-4 0-2 iodine 

ce. cc. 0-2 Excess iodine 

starch H,O MgSO, Filtrate 
8-2 1-8 0-2 Excess iodine 
8-4 1-6 0-2 iodine 

ce. ce. 1-0 ce. 0-2 ce. Excess iodine 
9-2 0-8 0-2 iodine 


The mean values obtained from the above results are follows: 


Ce. iodine 


starch required Todine/starch 
ce. 4-625 4-6 
0-6 2-7 4-5 
0-2 0-9 4-5 


The direct relation between the amount starch and the quantity 
iodine required precipitate the presence electrolyte again indicates 
the chemical equivalence the starch and iodine. 

Similar experiments were made which the precipitating electrolyte was 
varied from 0-2 cc. MgSO, 0-2 ce. MgSO, There was change 
the point which the filtrate contained neither starch nor iodine. Similarly 
varying the temperature which the experiment was done from 15° 
40° did not influence the quantitative values the reaction. 

The equivalent starch. All these results indicate that when 
iodine added starch quantitative reaction takes place between the 
starch and the ionised iodine. The iodine equivalent starch was determined 
from experiment which the amounts starch and iodine the solutions 
used had been accurately determined. 

was found that when starch solution containing 0-087 
starch were treated with 0-0068 iodine the filtrate obtained after precipita- 
tion MgSO, contained neither starch nor iodine. Therefore, the above 
hypothesis the chemical interaction starch and iodine, 

Now the sum the atomic weights 162; and the empirical 
formula for starch has been assumed Therefore the least 
value assuming that one molecule starch reacts with one atom 
iodine, 10. 

The experimental results obtained adding colloidal iron starch show 
that starch contains variety polymers. The value can therefore 
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taken only mean value for number starch complexes which 
continually varying. 

(iv) The iodine equivalent starch granulose (y). The iodine equivalent 
starch granulose (y) was determined the way described the previous 
experiment. The following results give the details experiment: 

100 ce. starch were precipitated colloidal iron and 
K,SO, (M). the resulting filtrate containing starch granulose were 
put into series tubes which were added varying quantities iodine 
and MgSO, (M/10) make the volume The filtrates were tested with 


starch and iodine. 


Starch 
granulose H,O MgSO, Filtrate 
1-9 3-0 0-1 ce. Excess iodine 
2-9 2-0 0-1 
4-1 0-8 0-1 Nil 
0-6 0-1 Excess starch 


The original starch solution gave equivalent quantities cc. starch and 
iodine. The amount starch granulose (y) contained the filtrate was 
10-6 the total starch contained the original solution. 

Therefore the iodine equivalent starch granulose (y) compared with that 
equal quantity the original starch was approximately two one. 
other words 1600 the original starch were equivalent gram atom 
iodine, approximately 800 starch granulose (y) were equivalent the 
same quantity iodine. 

the case starch equivalent and for starch granulose 


(B) The adsorption starch iodide. 


the foregoing experiments the amount iodine added the starch 
solution before the addition the precipitating electrolyte was relatively 
small, and under these circumstances has been shown that the reaction 
passes through definite stage previous which there excess starch, 
and after which there excess iodine, the solution. This result not 
compatible with the hypothesis that starch adsorbs iodine initio. The 
question however arises whether starch iodide when formed further reacts 
with excess iodine, contained the solution, chemical physical 
way. Substances containing variable quantity iodine relation the 
starch have been isolated and this fact suggests that physical process enters 
into the reaction after the formation the starch iodide compound. The 
following experiment illustrates the relation the iodine contained the 
filtrate and that added the original starch solution when the quantity 
added iodine continuously varied. 
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Excess Iodine 

1-5 ce. ce. ce. (starch filtrate) 1-5 ce. 
2-0 22-0 2-0 (x) 
2-5 21-5 0-15 ce. 2-37 
5-0 19-0 0-89 
10-0 14-0 5-03 4-97 
12-5 11-5 6-9 5-6 


The figures show that after the equivalent point (x) which the filtrate 
contains neither starch nor iodine, the starch iodide precipitated contains 
varying quantity iodine, the amount iodine the “starch iodide” con- 
tinually increasing the iodine content the original mixture increases. 
fact the figures show that after the point (x) the precipitated “starch iodide” 
takes down iodine with from solution according the recognised laws 
adsorption. Therefore the action iodine starch two separate and 
distinct phases may recognised. 

(1) The iodine reacts with the starch quantitative manner, approxi- 
mately gram-atom iodine being equivalent 1600 starch 800 
starch granulose (y). 

(2) The lyophobic starch iodide thus formed when precipitated electro- 
lytes adsorbs iodine from solution according the recognised laws adsorp- 
tion provided amount iodine present excess that required for the 
first reaction. 


SUMMARY. 


Precipitation starch colloidal iron shows that starch granulose 
can separated into three fractions, (a), and (y), forming 80%, and 
respectively the starch granulose. (a) precipitated colloidal iron 
only, iron and electrolytes, and (y) not precipitated 
colloidal iron under any conditions. 

Precipitation starch iodine and electrolytes shows (a) that starch 
contains insoluble constituent which does not react with iodine (amylo- 
cellulose), (b) that all the soluble constituents starch are precipitated 
iodine the presence electrolytes, and (c) that the final fraction precipitated 
iodine gives brown colour with iodine. 

The results (1) and (2) indicate that starch contains variety 
polymers varying complexity from amylodextrin amylocellulose, the 
relative quantities dextrin and cellulose being small whilst the bulk the 
granule composed amylogranulose 

reacts With starch quantitative manner forming starch 
iodide. Approximately 1600 starch are equivalent 127 iodine, 
granulose (y) approximately 800 react with 127 iodine; 
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Starch iodide adsorbs iodine from solution that after the equivalent 
point the amount iodine contained the precipitated starch iodide 
function the amount iodine contained the original solution. 
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serologist has his own favourite method measuring the small volumes 
different fluids which needs performing complement fixation reactions 
making series serum dilutions for agglutination. usually regards 
the method which accustomed the best and may resent any imputa- 
tion its accuracy, but few serologists take the trouble check the method 
they employ careful control observations. There convenient method 
for determining the percentage serum dilution sufficiently closely, but 
there are plenty chemical substances which can substituted for serum. 
One cannot, indeed, carry out volumetric analyses the small volumes 
involved Wright’s method preparing serum dilutions capillary 
pipette, but one can use larger volumes the same way and analyse the 
results satisfactorily and can very safely reason that errors detected with the 
larger volumes are likely exaggerated with the smaller. 

have lately had occasion enquire into possible errors own sero- 
logical technique and have carried out certain number observations, 
carefully was able, the lines suggested above. Although there nothing 
astonishing the results may service put them record. has 
been gain ascertain the degree own error and would probably 
useful exercise for any serologist check his methods similar fashion. 

The fluids chosen for measurement were (1) saturated solution iodine 
saturated potassium iodide solution, and (2) not quite saturated solution 
calcium water. The latter was the whole the more satisfactory, 
being cleaner work with. The dilutions were titrated the ordinary way, 
the iodine with and thiosulphate and starch indicator, and the 
calcium chloride with and silver nitrate and potassium chromate 
indicator. thanks are due Hurtley, Lecturer Chemistry 
Bartholomew’s Hospital, for kind advice and help the matter. 

There are two ways measuring fluids, apart from weighing, which out 
the question for serological work. One measurement pipette, and the 
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other measurement drops, and was anxious compare the accuracy 
these two methods. 

measuring pipette the serologist disadvantage compared 
with the chemist. Volumetric analysis has been developed into fine art 
generations chemists and the degree accuracy obtainable very high. 
The chemist has his standard burettes and pipettes and has been trained how 
use them. Unless the serologist has been trained chemist apt 
less scrupulous the use the instruments his command, and lies 
under the further disadvantage that commonly has measure very small 
quantities fluid means instruments much smaller and more liable 
error than those used the chemist. The first problem that arises therefore 
the degree error likely present careful pipette measurements 
small volumes fluid, ranging from cc. 0-01 such the serologist often 
has employ. 


THE RANGE ERROR SMALL PIPETTE MEASUREMENTS. 


Those who work with graduated cc. and 0-1 pipettes usually employ 
motive force either rubber teat mouthpiece connected with the pipette 
rubber tube. Some such method necessary with 0-1 cc. instrument, 
though with cc. pipette one can work gravity, controlling the flow with 
the finger only. 

check the accuracy delivery small volumes from such pipettes the 
following procedure was adopted. concentrated solution calcium chloride 
was carefully titrated against AgNO,: ce. the CaCl, solution was 
found equivalent 61-4 cc. N/10 AgNO,; the measurement the cc. was 
performed with great care Hurtley. Two Lautenschlager pipettes were 
washed out with strong sulphuric acid and then repeatedly with distilled water: 
one was cc. pipette graduated tenths and hundredths, the other cc. 
pipette graduated hundredths and two-hundredths. well-fitting rubber 
teat was attached each. then attempted deliver into evaporating dishes 
amounts the calcium chloride solution varying from cc. 0-01 and 
titrated them against using decinormal solution for the larger and 
centinormal one for the smaller amounts. Even the calcium 
chloride solution required cc. centinormal AgNO,, that the titration 
could carried out with considerable accuracy. the same time 
colleague, Canti, who was provided with similar pair Lauten- 
pipettes, which was accustomed use with mouthpiece and 
rubber tube, performed similar measurements. There was thus opportunity 
for comparing the teat with the mouthpiece motive force. 

The results this experiment are shown the following table. the 
second column shown the expected value each amount, assuming the 
correctness the preliminary titration, the third and fifth columns the 

actually found, and the fourth and sixth the percentage which the 
value found differed from what ought have been. 


> 


MEASUREMENT SMALL VOLUMES 


Table Errors measurements with small graduated pipettes. 


Measurements with 1-0 cc. pipette. 


Correct value using teat using mouthpiece 

measured AgNO, Value found deviation deviation 

61-4 60-8 0-98 60-0 2-28 

61-4 61-9 62-0 0-97 

1-0 61-4 61-1 0-49 

0-5 30-7 30-5 0-66 

0-1 6-14 717 6-0 2-28 

0-1 6-14 5-75 6:36 

Measurements with 0-1 ce. pipette. 

0-1 ce. 6-14 6-0 2-28 6-15 0-16 

0-05 2-95 3-91 3-015 1-79 

0-01 0-614 0-605 1-47 0-68 

0-01 0-614 0-75 0-775 

0-01 0-614 0-635 3-42 0-74 


The chief interest these figures that they represent the actual results 
obtained two ordinary workers, reasonably practised pipette measure- 
ments, and done with extra care because there was certain emulation 
who could produce the best results. Doubtless there are many workers who 
could better: only regard ourselves representing the 

evidently possible measure cc. 0-5 cc. with reasonable accuracy 
own four measurements this order were all within the correct 
amount. Attempts deliver 0-1 cc. from cc. pipette were less successful. 
This quantity can more accurately delivered from 0-1 cc. instrument, and 
one Canti’s efforts was almost exact; but failed repeat it. The 
margin error clearly greater with the smaller instrument, and when 
comes delivering 0-01 cc. the error apt become serious one. The 
grosser errors were always the direction delivering too much, probably 
owing transfer fluid the exterior the nozzle. clearly unwise for 
the average worker rely the measurement one hundredth cc. from 
pipette with any accuracy. 

Two further points came out the course this experiment, though they 
are not indicated the table. slightly larger volume delivered when the 
pipette held vertical and emptied slowly. delivering one-tenth the 
total graduated length, more accuracy attained measuring one the 


middle tenths than the terminal one. 


communicated results Carl Browning the Middlesex Hospital, who thereupon 


undertook some similar observations—using narrow 0-1 cc. pipette, provided with rubber 
tube and mouthpiece. The fluid used was hydrochloric acid, and the measured volumes were 
titrated against sodium hydrate. Twenty successive measurements 0-01 cc. were made, 
and these sixteen differed from the mean less than while the extreme variations from 
the mean were less than Eighteen measurements 0-03 cc. were also made, and fifteen 
these were within 1-3 the mean, while the extreme variations from the mean were 2-9 
These efforts are clearly better than those Canti and myself. 
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ERRORS INCIDENT THE PREPARATION SERIES DOUBLING 
DILUTIONS. 


Inasmuch this one the commonest procedures agglutination work, 
considerable interest attaches the accuracy the different methods 
which can carried out, and especially comparison the pipette and 
drop methods. therefore performed number experiments with this 
object view. 

order have idea the standard accuracy which might 
attainable invited Hurtley prepare progressive series doubling 
dilutions the same calcium chloride solution was used other experi- 
ments. The solution was this time slightly stronger: (this was the first time 
had been used); the preliminary titration showed that cc. 61-6 N/10 
AgNO,. Hurtley prepared the dilutions with great care, employing all 
the precautions incident volumetric analysis, and even washing out and 
drying the pipette between successive measurements. The volume measured 
each step was Five dilutions were prepared, from 32, 
each being made from the one preceding it, that any error might cumu- 
lative. The results are shown Table 

Table Deviations from accuracy series dilutions prepared 
chemist. 
deviation from 


Dilution Correct figure correct figure 
lin 15-4 15-45 


The results seen this table show that trained chemist, using adequate 
methods, can prepare series desired dilutions with high degree accuracy. 
The slightyapparent errors are now now which suggests that they may 
depend upon errors titration rather than the preparation the dilutions. 

But serologist can work this laborious way. usually employs his 
pipette quite different manner. usually not “delivery” pipette, but 
one graduated the point and blows out the contents completely 
can. This process inevitably leads error unless the instrument dried out 
each operation, and what more, preparing series doubling dilutions 
the ordinary way, the error cumulative. order get some idea 
how great may become, made the two following experiments, using 
delivery pipette the manner serologist. 

took ordinary cc. pipette and measured into each eight test tubes 
cc. distilled water, carefully possible but expelling the whole amount 
fluid blowing. The pipette was then dried out, and strong calcium 
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chloride solution 61-5 cc. N/10 added the first tube. The 
mixture was taken into the pipette and expelled six times, ensure 
thorough mixing and wash out the pipette, and then, without any other 
washing drying, the mixture were transferred tube and the 
process repeated, and the eighth tube, the pipette being each stage 
washed out six times with the mixture just made. The results titration 


follows: 


Table III. Showing cumulative error from incorrect use pipette. 


deviation from 


Dilution Correct figure correct figure 
lin 15-375 15-825 2-92 
lin 7-687 8-05 
lin 4-0 4-08 
lin 1-921 2-06 7-23 
lin 0-960 1-04 8-33 
128 0-48 0-535 +11-45 
256 0-24 0-275 14-58 


This series illustrates very well the progressive nature the error 
short series dilutions when the pipette wrongly used. can amount 
with capillary pipette which the surface wetted bears far larger propor- 
tion the volume fluid measured. 

preparing serum dilutions sometimes employed follows: 
Supposing one has three rows tubes fill, ordinary T.A.B. agglu- 
tination, tenfold dilution the serum prepared, and one volume placed 
each the first three tubes. Three volumes the tenfold diluted serum 
are then put watch-glass and three volumes saline added and mixed. 
volume this mixture placed each the second three tubes, leaving 
three the watch-glass, which further three volumes saline are added 
for the third dilution and on. The pipette thus alternately wetted with 
pure saline and with the dilution which one has arrived. If, reaching the 
end, the volume remaining the watch-glass measured, never three 
volumes, but always less, half third volume. 

have tested the degree inaccuracy this obviously inaccurate method 
the following manner. used home-made pipette narrow glass tubing, 
holding about cc. the top mark: was actuated rubber bulb. The 
solution employed was strong one iodine potassium iodide. put two 
pipettesful water into glass dish, washed out the pipette several times 
with iodine solution, and then added two pipettesful iodine solution the 
dish and mixed well. Two pipettesful were transferred tube and then 
two more water added the dish and mixed. Eight tubes were thus filled 
succession. The results titration with sodium thiosulphate are seen 


Table IV. 
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Table Showing cumulative error from erroneous technique. 


Primary solution; ec. =61-14 cc. thiosulphate. 
deviation from 


Dilution Correct figure correct figure 
30-57 30-7 0-42 
lin 7-64 7-45 

lin 3-82 3-49 

lin 1-91 1-63 

lin 0-955 0-795 

128 0-477 0-36 24-6 


Whereas the preceding experiment the error was progressive one 
the side, this one shows similar and worse error the side. The 
direction the error depends the precise departure from the proper use 
the pipette. These are not the only experiments the sort which have made, 
but all have shown the same sort thing. These are selected and set out here 
detail illustrate the fact that error which appears negligible the 
individual measurement serious one when cumulative. know 
way which serologist likely use pipette which will avoid such 
error: this not said blame, for has not the time employ the technique 
the trained chemist. But ought know what his error liable be. 


THE DROP METHOD MEASURING. 


All the sources error which attend measurement pipette are entirely 
avoided measurement drops, and their stead encounter the new 
set difficulties which attends the delivery equal drops. These however 
are more easily overcome than the case the pipette. Donald has shown 
simple technique which, with little practice, easy deliver sub- 
stantially equal drops different fluids. [1915, 1916.] 

The three important factors governing the size drop issuing from 
vertically held pipette are (1) the external diameter the nozzle, (2) the surface 
tension the fluid, and (3) the rate dropping. the aid wire and 
drill gauge, such can bought any good tool shop, pipettes constant 
size can made they are needed. The variation surface tension differ- 
ent fluids, such normal saline, fresh human serum, phenolated rabbit 
serum, can compensated determining which holes the gauge will 
furnish pipettes delivering sensibly equal drops these fluids: once determined 
this has not done again. With little practice any one can keep his drop 
rate reasonably constant about one per second. All this can read 
detail Donald’s published papers. 

There are two ways which one may employ the method measuring 
small volumes fluids different surface tension. With single pipette one 
can determine the relative size the drops furnished each fluid, keeping 
the conditions constant—e.g. ascertaining how many drops each 
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mixed form any desired dilution. The objection this way working lies 
the impossibility measuring fractions drop. The second plan, that 
calibrating two pipettes deliver equal drops, therefore much 
preferred. 

endeavouring test the accuracy the drop method, prepared 
series eight doubling dilutions strong calcium chloride solution. The drops 
this solution and distilled water were found nearly equal size 
(256 245) that did not attempt make two pipettes deliver equal drops, 
but adopted the first the two plans just mentioned; used one pipette, 
calculating the numbers drops required and neglecting fractions drop. 
did not therefore employ the method the best way; nevertheless, will 
seen from Table the results were surprisingly good. 


Table Showing smallness error with drop method. 


Primary solution CaCl,; =61-5 ec. 
deviation from 


Dilution Correct figure Result correct figure 
lin 30-75 31-25 
lin 1-92 1-95 
lin 0-96 0-945 
128 0-48 0-49 2-1 


will seen that the errors here are, with the exception the eighth 
the same small order the series dilutions prepared 
Hurtley use the pipette (see Table The result 
very much better than anything myself could achieve with pipette. 
the first two occasions which tried make this series dilutions the 
results had been wide the mark, owing miscalculation the relative size 
the drops the two fluids. After Donald had been kind visit 
laboratory and point out certain mistakes technique, the thing be- 
came easy, and the above figures represent third attempt. The dropping 
was done constant rate from burette, provided with Marriott’s tube 
keep the pressure even, and not hand. 

The advantages claimed Donald for his drop technique appear 
justified. Anyone can make and calibrate his own pipettes, easily and 
cheaply they are required. There cumulative error preparing 
ascending series dilutions. The drop method can used with the same 
accuracy measuring very small volumes larger ones, whereas with 
the small measurements frequently required the serologist that the pipette 
method shows such disadvantage. Lastly, provided that the conditions 
for its use are duly observed, the drop method seems intrinsically more accurate 
than measurement pipette. 


ANDREWES 


CONCLUSIONS. 


The figures which have been given above are doubtless less exact than 
could have been obtained weighing. Any errors which may have been 
incident the process volumetric analysis are course superadded 
those depending faulty technique the preparation the series 
dilutions. The errors titration are probably, however, less than and 
believe that the results obtained are sufficient accuracy allow fair 
estimate the degrees error which may attend the measurement small 
volumes fluid serological work. 

The chief conclusions which appear follow from these few observations 
are follows: 

(1) Volumes cc. and 0-5 can measured pipette with reason- 
able accuracy. The error attendant the attempt deliver 0-1 cc. may 
amount even when 0-1 cc. pipette employed. The delivery 
0-01 ce. from pipette may exceedingly inaccurate. 

(2) The only way which really accurate results can obtained with 
pipette and wash and dry out between successive measurements. The 
alternative method, that using delivery pipette, mixing the dilution 
shaking, and then washing out two three times with the mixture, 
rejecting the washings, one hardly adapted for serological work. Unless 
such precautions are taken the small error introduced, perhaps one 
0-5 single measurement, though probably much more with capillary 
pipette, becomes magnified into one more the eighth dilution. 

(3) The drop method greatly preferred, for serological work, the 
pipette method, provided properly carried out with calibrated pipettes. 

may urged that process such the agglutination test, beset with 
much moment. For rough work perhaps not, but for accurate work is. 
Improvement agglutination technique can only brought about 
endeavouring correct the individual sources error which attend it. This 
equally true such methods are involved the technique the Wasser- 
mann reaction. excuse for publishing these few observations that have 
learned good deal from them myself, and that possible that others may 
find them not without interest. 
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recognised that unheated antidiphtheritic and antitetanic sera the 
antitoxins are associated with the “salt-soluble” globulins precipitated be- 
tween and saturation with ammonium sulphate. For this reason, 
the routine concentration such sera, has been customary isolate and 
dialyse the protein precipitated between these limits and, recently, observa- 
tions have been published regard the factors limiting the degree con- 
centration thereby obtained [Homer, 1917, 1]. 

Further work has shown thai, heated sera, the association the anti- 
toxin with these so-called Second Fraction Precipitates affected the 
extent the denaturation the proteins induced during the preliminary 
heating the serum. The heat-denaturation evidenced increased 
precipitability each the individual serum proteins ammonium sulphate, 
phenomenon which accompanied increase the ratio “salt- 
insoluble” globulins and association antitoxin 
with the “salt-insoluble” protein thus formed [Homer, 1917, 1918, 

the light these observations was necessary extend the scope 
the previous investigations ascertain: 

what the limits for the precipitation with ammonium 
sulphate can narrowed include, the Second Fraction Precipitates 
from heated sera, only those proteins with which the antitoxin definitely 
associated. 

II. Whether the antitoxin evenly distributed throughout the 
protein fractions precipitated successive stages between the limits indicated 
(I). 

THE LIMITS FOR THE PRECIPITATION THE SECOND 
FRACTION 


The gradient for the curves representing the precipitation the serum 
proteins progressively increasing percentages saturation with ammonium 
sulphate indicates that there are critical points for the precipitation the 
eu- the pseudo-globulin the serum albumin. 
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The protein precipitated from unheated sera between and 50% 
saturation with this salt consists mainly pseudoglobulin admixed with 
small amounts euglobulin and albumin, whereas that similarly precipi- 
tated from heated sera contains lower proportion admixed euglobulin and 
greater proportion albumin. was surmised, the relative propor- 
tion the proteins precipitated from heated sera this stage was influenced 
the extent the denaturation induced during the heating the serum. 

Experimental work was therefore undertaken ascertain what extent 
(a) the upper, and the lower limit for the degree saturation with am- 
monium sulphate could changed retain the Second Fraction 
Precipitates only those proteins with which the antitoxin definitely 
associated. 


(a) The upper for the precipitation the Second Fraction 
Precipitates. 


The following observations show that the extent the precipitation 
albumin with the Second Fraction function the heat-denaturation 
induced the serum. 

separate volumes plasma were added the requisite volumes acid 
alkali adjust the suitable values. The separate sera, after being 
heated temperature 57° for six hours, were made saturation 
with ammonium sulphate and filtered. From the gravimetric determinations 
the albumin content the filtrates was calculated the percentage albumin 
precipitated with the Second Fraction Precipitates. was found that, where 
the heat-denaturation had been the order 60, 50, 45, and re- 
spectively the Second Fractions contained 75, 55, 45, and the total 
albumin the plasma. 

the antitoxin attached the pseudoglobulin and not the albumin 
fraction the serum proteins, the presence albumin the Second Fraction 
Precipitates must reduce the degree concentration; its exclusion is, there- 
fore, desirable. 

was found that the precipitation heat-denaturated albumin could 
eliminated sufficient lowering the degree saturation with ammonium 
sulphate. But, the concentration sera, where the main object ensure 
the complete recovery the antitoxin association with minimum per- 
centage the proteins the original plasma, such procedure not practic- 
able. For, there sharp line demarcation between the precipitation 
pseudoglobulin and albumin from heat-denaturated sera, the lowering 
the upper precipitation limit the extent required for the complete 
exclusion the albumin leads considerable losses antitoxin; the con- 
centration ammonium sulphate thereby adopted insufficient pre- 
cipitate the whole the pseudoglobulin and its associated antitoxin. 

Thus, from sera which heat-denaturation had been induced, 
there was slight precipitation denaturated albumin saturation 
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with ammonium sulphate; the extent the precipitation rapidly increased 
with the further addition ammonium sulphate. order, therefore, 
the precipitation albumin the Second Fraction Precipitates was 
necessary lower the upper precipitation limit from saturation. 

the other hand the precipitation the pseudoglobulin and antitoxin 
from the same serum was not complete until the concentration the sulphate 
had reached saturation. Thus, the precipitate isolated between 
and saturation contained only about the antitoxin, while 
rather less than the antitoxin was associated with the protein pre- 
cipitated between and saturation with the salt. 

This difficulty was even more pronounced the fractional precipitation 
the antitoxin and its associated protein from sera showing more extensive 
heat-denaturation. Thus, from sera showing heat-denaturation 
more there was marked precipitation albumin even saturation 
with ammonium sulphate. obvious that such cases the elimination 
albumin from the end products impracticable. 

dealing with the routine sera which the heat-denaturation was the 
order less, was decided that the upper limit should not reduced 
less than saturation. Even this reduction led the exclusion 
considerable proportion the denaturated albumin which would have been 
precipitated and, result, the end products the former case 
showed greater degree concentration than was obtained the latter. 
Thus, from given serum, while the fraction isolated between and 
saturation with ammonium sulphate contained 33-3 the total serum 
proteins, that between and saturation contained only the 
proteins. The load antitoxin carried the protein fraction thus isolated 
between the wider limits was the order 16,000 units and that between the 


narrower limits 17,500 units per protein. 


(b) The lower limit for the precipitation the Second Fraction 
Precipitates. 


Having demonstrated that the degree concentration improved the 
lowering the upper limit for the precipitation the Second Fraction 
ammonium sulphate, the next step was ascertain what extent the lower 
limit could raised ensure the exclusion that portion the heat- 
denaturated globulin which antitoxin attached. 

The preliminary precipitation and separation the First Fraction Pre- 
cipitates (30 saturation with ammonium sulphate) from unheated sera 
remove most the euglobulin together with small amount pseudo- 
globulin and antitoxin. The pseudoglobulin being “salt-solubie” can 
recovered the extraction the precipitates with brine. the other hand 
the corresponding precipitates from heated sera contain relatively greater 
amounts heat-denaturated pseudoglobulin which certain proportion 
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has been converted into condition; the extent the con- 
version function the denaturation. 

sera showing heat-denaturation less, the denaturated 
pseudoglobulin precipitated with the First Fraction Precipitates also carried 
down appreciable amounts antitoxin but, the latter was associated with 
salt-soluble protein, could recovered extraction the precipitates 
with brine. 

The precipitation antitoxin from sera showing more extensive heat- 
denaturation began at, and was completed at, much lower concentration 
with ammonium sulphate than the above. The proportion antitoxin 
carried down with the First Fraction Precipitates increased progressively 
with the heat-denaturation. the same time, owing the increasing in- 
solubility the denaturated protein, there was corresponding decrease 
the percentage recovery antitoxin and its associated proteins form 
suitable for clinical use. fact, under some conditions, e.g. sera more acid 
than 4-5 sera containing excessive amounts phenol and its homo- 
logues, ether, chloroform, etc., while practically the whole the 
antitoxin precipitated with the First Fraction Precipitates, only small 
attached has become almost entirely 

From these observations clear that, such sera, the lower limit for the 
precipitation the Second Fraction with ammonium sulphate must re- 
duced rather than raised. 

The attempts increase the degree concentration raising the limit 
for the precipitation the First Fraction Precipitates were, therefore, con- 
fined such sera showed denaturation less than and the problem 
was accordingly studied respect sera showing denaturation (1) from 

The end products from (1) were clear and readily filtrable. Those from (2) 
were cloudy and, owing the suspension heat-denaturated protein, could 
only filtered with difficulty; they also showed lower degree concen- 
tration and lower percentage removal the serum proteins than was 


obtained from the sera (1). 


(1) Sera which heat-denaturation had been induced. 


was found that such sera the amount protein precipitated with the 
Second Fractions isolated between and saturation with ammonium 
sulphate was not appreciably less than those isolated between and 
saturation. the other hand raising the lower limit for the precipita- 
tion the First Fraction Precipitates saturation, the amount 
protein isolated between and saturation was only that 
obtained between the wider limits. the same time, however, there was 
corresponding proportional increase (30 the percentage the antitoxin 


precipitated with the protein. 
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evident that material gain resulted from the raising the lower 
precipitation limit. the contrary, the method procedure was disadvan- 
tageous. transpired that, while the antitoxin carried down with the First 
Fraction precipitated from the serum question saturation with 
ammonium sulphate could completely recovered extraction the 
precipitates with brine, that carried down with the precipitates and 
saturation with the sulphate could not recovered the same 
extent. the latter cases seems though the greater concentration 
sulphions, presumably electrical charging the protein molecules, 
favours the conversion the heat-denaturated pseudoglobulin its 
associated antitoxin into condition; the antitoxin attached 
the protein thus rendered cannot recovered form 
suitable for clinical use even though its activity has way been impaired. 


(2) Sera which heat-denaturation less than had been induced. 


was expected the raising the lower limit for the isolation the 
Second Fraction Precipitates from sera showing heat-denaturation 
less led more marked diminution the amount protein precipitated 
than was shown the sera discussed (1). 

Thus, the cases investigated, the precipitate between and 
saturation with ammonium sulphate contained and more protein 
than where the limits for precipitation had been 33-44 and 
saturation respectively. Moreover, the products obtained from the dialysis 
the protein precipitated between the widest limits were cloudy and un- 
satisfactory those from the precipitates isolated between the narrower limits 
were clear, the increased concentration ammonium sulphate had given 
the particles suspended heat-denaturated protein the necessary charge 
ensure their aggregation, precipitation, and separation with the First Fraction 
Precipitates. 

The determination the antitoxin associated with the Second Fraction 
Precipitates thus isolated showed that while those precipitated between 
and saturation with ammonium sulphate contained the whole the 
antitoxin the original plasma, those between and saturation 
contained the antitoxin, while only was associated with the 
fraction isolated between and saturation with the salt. 

Hence, notwithstanding the increased precipitation antitoxin with the 
First Fraction Precipitates induced the raising the lower limit satura- 
tion with ammonium sulphate and respectively, the proportionally 
greater removal protein thereby effected led increase the degree 
concentration shown the end products. But, case was the concentra- 
tion increased beyond that which would have been obtained between the wider 
limits precipitation had the serum been subjected the preliminary adjust- 
ment recently advocated 1918, 
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These observations show that the cloudy end products unadjusted sera 
with ammonium sulphate. Such expedient will probably appeal those 
engaged routine work being simpler process than the preliminary adjust- 
ment the serum. However, for the reason given above (p. 49), those who 
adopt the procedure must prepared face losses considerably greater than 
were recorded previous communication [Homer, 1918, 2], where the 
First Fraction was precipitated saturation with the sulphate. 

thus evident that, the routine concentration sera, which 
complete recovery antitoxin desired, the Second Fraction should 
not precipitated within narrower limits than saturation with 
ammonium sulphate irrespective whether the serum has been suitably 
adjusted previous its being heated. 


THE ANTITOXIN EVENLY DISTRIBUTED THROUGHOUT THE PROTEIN 
FRACTIONS SUCCESSIVELY PRECIPITATED STAGES BETWEEN THE 
LIMITS FIXED (I)? 


The Second Fraction Precipitates from heat-denaturated sera were further 
fractionated successive stages between the limits suggested (I) order 
ascertain whether the antitoxin was evenly distributed throughout the 
protein fractions respectively isolated, whether was mainly precipitated 
definite concentration with ammonium sulphate. 

The consideration these points was importance for, the former case, 
the evidence would indicate that, order isolate antitoxin separate 
entity, means other than the fractional precipitation the serum with salts 
must employed. the latter case then, for special clinical purposes such 
for the intravenous intrathecal injection antitoxin, where high 
unitage antitoxin per gram protein would advantageous, might 
advisable precipitate the antitoxin and associated protein within the 
narrow limits thus indicated, even though doing the percentage recovery 
the antitoxin were considerably reduced. 

Experimental work was accordingly instituted regard the successive 
fractionation the end products from the concentration sera the 
Homer (1916, 1918) methods. The investigation was confined the examina- 
tion of: 

(a) Clear End Products, i.e. those from sera which the reaction had 

Cloudy End Products, i.e. those from sera which the heat-denatura- 
tion was the order less. 

each case the end product was diluted with normal saline reduce 
the protein content the liquid the order 

known volume the diluted liquid was added sufficient volume 
saturated solution ammonium sulphate bring the concentration this 
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this stage the liquids were filtered. aliquot part the filtrate was added 
the volume the saturated solution necessary raise the concentration 
the sulphate the filtrate saturation. The liquids were again 
filtered and similar method procedure the ammonium sulphate content 
the filtrates was successively raised the order 36, 40, and 
saturation. 

The precipitates isolated each the successive stages were pressed and 
dialysed the usual way. The protein content the respective residues from 
dialysis was estimated with the aid the Zeiss determinations 
were also made the percentage the total antitoxin units appearing the 
respective end products. 

Owing the scarcity experimental animals the research could not 
carried out extensively originally planned. Nevertheless the results, 
far could obtained, have provided sufficient data elucidate the problem 
under discussion. 


(a) The successive fractionation the Clear End Products obtained from 
sera showing heat-denaturation about 


Antidiphtheritic plasma was concentrated the Homer (1918) method, 
the heat-denaturation the plasma being regulated the preliminary adjust- 
ment the reaction. 

The end products, obtained from the dialvsis the protein precipitated 
from the heated plasma between and saturation with ammonium 
sulphate, were clear and remained clear dilution, for they were free from 
any suspension heat-denaturated protein; subsequent tests 
showed that they were also free from “salt-insoluble” protein. 

The end product, under consideration, contained 15,000 units antitoxin 
per gram protein. After the necessary dilution with saline was precipi- 
tated the manner described above; the results are embodied Table 


Table The successive fractionation the Clear End Products from the con- 
centration antitoxic sera which heat-denaturation had been 
induced. 


(The end product taken contained 15,000 units antitoxin per gram protein.) 


Percentages satura- 


tion with ammonium The residues from the dialysis the respective fractions showed 
sulphate marking the 
limits for the precipi- Percentage Number units anti- 
tation the various the total anti- toxin associated with 
fractions Appearance proteins toxic units protein 
0-30 0-0 0-0 

30-33 clear traces traces 

clear 80-0 13,800 

clear 62-5 59-5 14,500 

40-45 clear 18-5 13.800 

45-50 clear 16,000 
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From study the table will seen that there was appreciable 
precipitation protein when the concentration ammonium sulphate the 
diluted end product was successively raised and saturation 
respectively. 

Between and saturation with the sulphate there was precipi- 
tated 62-5 the total pseudoglobulin the end product, and with this 
protein there was associated 59-5 the total antitoxin. 

The protein precipitated from the diluted end product between and 
saturation with ammonium sulphate comprised the total protein 
and 73-5 the total antitoxic units. Further fractionation indicated that 
62-5 the protein and 59-5 the antitoxin were precipitated between 
and saturation with ammonium sulphate; 18-5 the protein 
and the antitoxin were precipitated between and 
saturation with the sulphate; 2-5 the total protein and 2-8 the 
total antitoxin were precipitated between and saturation with the 
sulphate. 

Unfortunately owing the shortage experimental animals the fractiona- 
tion was not continued further. 

examination these results shows that, within the limits experi- 
mental error, the percentage precipitation antitoxin the respective sub- 
fractions directly proportional the percentage precipitation protein. 
Moreover, will seen that, each stage the precipitation, the load 
antitoxin per gram protein solution was practically the same that 
exhibited the original liquid taken for fractionation, viz. the order 
15,000 units. 

Similar results were obtained from the fractionation other clear end 
products. 

The data thus obtained have furnished sufficient evidence for the con- 
clusion that the antitoxin precipitated with its associated proteins from the 
heat-denaturated sera under discussion proportionately distributed between 
the protein fractions successively precipitated increasing concentrations 
ammonium sulphate. 


(b) The successive fractionation the Cloudy End Products from sera 


has been demonstrated that the concentration antitoxic sera which, 
prior their being heated, contained unsuitable percentage phenol and 
its homologues which the reaction lay between 5-5 and 7-4, led the 
production cloudy end products. The latter yield lower degree con- 
centration than that furnished sera adjusted ensure not only more 
extensive denaturation but also better conditions for the precipitation the 
heat-denaturated protein with the First Fraction Precipitates 30% 
saturation with ammonium sulphate. 
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Some these cloudy products were taken and fractionally precipitated 
stages the manner described above (p. 50). 

The data with regard the percentage precipitation the total protein 
and the total antitoxin with the fractions precipitated the various stages 
have been included Table II. 


Table Il. The successive fractionation the Cloudy End Products from the 
concentration antitoxic plasma which heat-denaturation had 
been induced. 

(The end product under consideration contained 12,000 units antitoxin per gram 
protein solution.) 


Percentages satura- 
tion with residues from the dialysis the various protein fractions showed 


sulphate marking the 
limits for the precipita- Percentage Percentage Number units anti- 
tion the respective the total toxin associated with 
fractions Appearance protein antitoxin protein 
0-30 0-0 0-0 

thick suspension 16-0 6-0 4,550 

30-36 markedly opalescent 35-0 8,600 

33-36 clear 32-0 28-0 10,500 

clear 57-0 58-0 12,300 

40-45 clear 8-9 10-0 13,500 

clear 24-5 30-0 14,500 


the case recorded, the addition ammonium sulphate the diluted 
end product the extent saturation did not cause precipitation 
protein. 

Between and saturation there was precipitated the 
total protein and with this was associated only the total antitoxin. 
The fraction between and saturation contained 48-8 the total 
protein and the total antitoxin. The percentage the total protein 
precipitated both these fractions considerably greater than that the 
antitoxin, the disparity being more marked the former fraction. 

analysis the respective results shows that, difference, there was 
direct proportionality between the percentage protein and antitoxin the 
fraction precipitated between and saturation with the sulphate. 
separation the protein precipitated saturation with the sul- 
phate was made and the filtrate was sub-fractionated further, the details 
being given Table II. 

These results indicate that, after the preliminary separation the protein 
precipitated saturation with the sulphate, the sub-fractions 
successively isolated show the same proportionality regards the relative 
precipitation antitoxin and protein was found the sera ‘discussed 

another case, not recorded the Table, which the heat-denaturation 
was less than the sub-fraction precipitated between and 
saturation with ammonium sulphate contained about the total protein 
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and about the total antitoxin; that between and saturation 
with the sulphate contained the total protein and about the 
total antitoxin. such sera the sub-fractions isolated from the filtrates after 
the preliminary removal the protein precipitated saturation 
showed the proportionality exhibited after the preliminary removal protein 
discussed (a). 

study Table also shows that the First Sub-fraction (30-33 
saturation) the load antitoxin per gram protein considerably less than 
the subsequent fractions and the original solution. Moreover, was 
expected, the sub-fractions subsequently precipitated after the preliminary 
removal this First Sub-fraction contained load antitoxic units per gram 
protein slightly greater than that shown the original liquid. However, 
the load antitoxin per gram protein was case greater than would 
have been had the reaction been suitably adjusted 

From these results obvious that heat-denaturated sera showing 
denaturation the concentration the end products and their degree 
clarity can increased raising the precipitation limit for the First 
Fraction Precipitates saturation with ammonium sulphate. 
sera showing lower degree denaturation necessary raise the limit 
saturation order achieve the maximum advantage. these 
cases the increased concentration the sulphate ensures the precipitation and 
separation heat-denaturated globulin which small portion only the 
antitoxin attached: this protein would have been precipitated 
saturation sera suitably adjusted 

After the preliminary removal the denaturated globulin which com- 
paratively low percentage the antitoxin attached, the remainder the 
antitoxin was found evenly distributed throughout the successive sub- 
fractions precipitated successively raising the concentration ammonium 
sulphate. 

was also observed that, the unadjusted sera under discussion, the 
protein fractions respectively precipitated between and 33, and between 
and saturation with the sulphate did not dialyse completely. The 
increased concentration sulphions had induced apparent irreversible 
precipitation heat-denaturated protein. The precipitate thus formed was 
only partially redissolved long saturation about ten times its bulk 
saturated solution salt. 

study the data given Tables and shows that, while from the 
whole serum the proteins associated with the antitoxin were precipitated 
between and saturation with ammonium sulphate, the precipitation 
the refined products within the same limits yielded only the pro- 
tein-antitoxin combination. has been experience that the percentage 
addition ammonium sulphate necessary for the complete precipitation 
particular fraction individual protein influenced the concentration 
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the latter and the presence other proteins also 
affected the degree purity the protein and its rarity solution. The 
relationships hereby involved are being more fully investigated. 


SUMMARY. 


For the complete recovery antitoxin during the concentration 
sera, showing heat-denaturation less, fractional methods 
employing the use ammonium sulphate advisable precipitate the 
Second Fraction between and saturation with the sulphate. 

the upper limit reduced there will incomplete precipitation 
pseudoglobulin and antitoxin and certain percentage the latter will 
discarded with the “albumin” filtrates. 

the lower limit raised then antitoxin will precipitated with the 
First Fraction Precipitates form not readily soluble brine, and, there- 
fore, all intents and purposes lost. 

the precipitation the Second Fraction from sera which 
denaturation less has been induced, the raising the lower limit 
concentrated end products than those obtained the adoption the lower 

However, for the reasons given (1) the benefit thus gained minimised 
the greater losses antitoxin thereby incurred. 

Moreover, the degree concentration not increased beyond that which 
would have been obtained had the serum been suitably adjusted and subse- 
quently treated (1). 

heated sera showing denaturation less the bulk the 
antitoxin associated with the proteins precipitated between and 
saturation with ammonium sulphate. 

The further fractionation the protein isolated between the limits 
indicated (3) showed that the percentage the total antitoxin precipitated 
between progressively increasing percentages saturation with the sulphate 
directly proportional the percentage precipitation protein the 
respective stages. 

From these observations clear that, order isolate antitoxin, 
means other than the fractional precipitation the serum proteins must 


employed. 
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time ago investigation was undertaken order furnish data 
regards the increased precipitability pseudoglobulin relatively that 
its associated antitoxin from solutions which, prior their being heated, 
the reaction had been adjusted values between 4-5 and 9-5. 

view the need for the immediate application the results routine 
work, the data obtained with regard the precipitability the protein from 
solutions which the reaction had been adjusted about 8-0 were 
included previous paper [Homer, 1917, 1]; the data furnished from the 
wider aspect the problem form the subject matter the present communi- 
cation. 

The study the changes the precipitability the pseudoglobulin pre- 
sented difficulty, but, unfortunately, the scarcity experimental animals 
has considerably limited the scope the investigation regards the fate 
the antitoxin. 


(a) THE INCREASED PRECIPITABILITY PSEUDOGLOBULIN FROM ITS 
HEAT-DENATURATED SOLUTION AMMONIUM SULPHATE. 


The solution pseudoglobulin and antitoxin used the experiment was 
prepared follows from unheated oxalated antidiphtheritic plasma pooled 
from the bleedings from several horses. 

litres plasma was added equal volume saturated solution 
ammonium sulphate; the mixture was allowed remain room temperature 
for hours before being filtered. The precipitate, after being well drained, was 
thrown into litres half saturated solution ammonium sulphate, care 
being taken both break the lumps precipitate and keep the mixture 
stirred from time time. After two days this treatment the mixture was 
filtered. The well drained precipitate was gently pressed between cloths and 
boards express much the adhering fluid possible; was then 
dissolved litres water and the solution was submitted repetition 


the above described process. 
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the solution globulins finally obtained were added litres satur- 
ated solution sodium chloride together with sufficient solid salt ensure 
complete saturation. The brined liquid was allowed remain room tem- 
perature for seven days and was then filtered. the filtrate, containing the 
globulin solution, was added 0-25 glacial acetic acid; 
the ensuing precipitate pseudoglobulin was filtered, pressed and dialysed 
the usual way. The residue from dialysis was diluted reduce the 
protein content the same order that the original plasma. 

twelve separate volumes the experimental liquid were added varying 
amounts acetic acid ammonia adjust the reaction values between 
9-5; the each the liquids was measured the electrical 
method. The stoppered bottles containing the adjusted liquids were placed 
water bath 57-5° and were kept this temperature for period 
six hours. 

Samples the unheated solutions were made respectively 26, 30, 33, 
38, 40, 42-5, 44-5 and saturation with ammonium sulphate and were 
then filtered. The protein content the filtrates was measured means 
the Zeiss Immersion Refractometer, and the data thus obtained were com- 
pared with those derived from similar determinations the heated liquids. 


Table Showing the influence heat-denaturation the precipitability 
pseudoglobulin from its solutions increasing concentrations ammonium 


sulphate. 
The solutions which contained 7-48 pseudoglobulin were heated for hours. 


Residual percentage pseudoglobulin the filtrates from the 


Experi- the heated liquids respectively brought the degrees 
mental prior saturation with ammonium sulphate 
liquid their being 
unheated 733 516 248 148 040 0-20 
9-5 3-08 1-37 0-60 000 000 000 0-00 
9-3 3-61 1-74 0-64 0-34 0-14 0-00 0-00 0-00 
8-7 704 2-14 053 000 000 0-00 
7:36 2-58 1-64 1-26 105 0-21 
546 3-18 2-28 1:26 0-80 000 0-00 
5-1 5-05 4-62 2-95 1-79 0-75 0-21 0-00 0-00 
4-9 3°36 2-77 1-87 0-18 0-20 0-00 0-00 0-00 0-00 
4-65 1-85 1-85 162 000 000 000 000 000 0-00 
1-05 105 046 000 000 000 000 000 0-00 


The results embodied Table indicate the percentages pseudoglobulin 
remaining solution the filtrates from the respective pseudoglobulin- 
ammonium-sulphate mixtures. From these data was calculated the per- 
centage precipitation pseudoglobulin the respective stages: the latter 
results have been depicted Table IT. 
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Table II. Showing the relation between the extent the heat-denaturation 
pseudoglobulin and its increased precipitability ammonium sulphate. 


The solutions which contained 7-48 pseudoglobulin were heated 57-5° for hours. 


the Percentage Percentage the total pseudoglobulin precipitated 
Experi- denaturation from the solutions the addition ammonium sulphate 
mental the the following degrees saturation 
9-5 53-5 92-0 100-0 100-0 100-0 
9-3 41-2 98-1 100-0 100-0 100-0 
8-7 38-1 713 80-1 92-9 95-9 100-0 100-0 
25-0 275 562 793 800 98-0 100-0 100-0 
22-7 264 556 69-4 842 89-0 97-5 100-0 
4-9 60-0 63-0 98-0 100-0 100-0 100-0 100-0 
4-65 70-0 78-0 100-0 100-0 100-0 100-0 100-0 
4-5 83-0 94-0 100-0 100-0 100-0 100-0 100-0 


From study the tables will seen that, the unheated liquid, the 
precipitation pseudoglobulin begins about and not quite com- 
pleted saturation with the sulphate. 

the heated liquids there was complete precipitation the protein 
much lower concentration sulphate than that required the unheated 
liquid. Thus, where heat-denaturation from had been induced, 
the precipitation protein was complete about saturation with the 
sulphate; where the denaturation was the order there was complete 
precipitation the protein between and saturation with the 
sulphate; the denaturation was further increased, the concentration 
ammonium sulphate necessary for the complete precipitation the pseudo- 
elobulin diminished. 

will also seen that the precipitability the protein, each degree 
saturation with the sulphate, was considerably greater the heated than 
the unheated liquids, the increase being most pronounced where the heat- 
denaturation was greatest. 

The latter point more clearly brought out the plotting the results 
given Table the form curves. For the sake clearness was 
necessary present the curves two figures. Fig. have been included 
the curves representing the precipitation protein ammonium sulphate 
from the unheated liquid and from the heated acid liquids which the 
reaction lay between the values 7-4 and 4-5: the curves Fig. represent 
the precipitation protein from the heated alkaline liquids which the re- 


action lay between 7-1 and 9-5. 
From the relative positions corresponding points the curves 
evident the respective concentrations ammonium sulphate, the 
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precipitation protein greater from the heated than from the unheated 
liquids. 

take case point: the unheated solution protein was con- 
verted from the emulsoid the suspensoid condition saturation 
with ammonium sulphate: the same percentage conversion was obtained 
the heated liquids lower concentrations with ammonium sulphate. Thus, 
had been the order 53-5, 47-3, 38-1, 34, 25, 21-8, 22-7 and the 
above precipitation protein was respectively achieved 25, 28-8, 30-5, 31, 
31-5, 31-5, and saturation with the sulphate. 


Curve 
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Percentage precipitation pseudoglobulin from its 


Percentages saturation with ammonium sulphate. 

Fig. 

Curves representing the percentage precipitation pseudoglobulin from unheated and from 

heated solutions increasing concentrations ammonium sulphate. 
Curve for the unheated liquid; Curves and for the heated liquids which the 
reaction, prior their being heated, had been adjusted 5-9; 5-1; 4:9; 4-65 and 

4-5 respectively. 


will seen that the group curves and representing the 
precipitation protein from those liquids which heat-denaturation 
less had been induced, marked similarity configuration 
throughout the whole the range investigated; the shift the relative 
positions corresponding points the curves constant and measure 
the increased precipitation induced the heat-denaturation the protein. 

the other hand, while there marked similarity between the con- 
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figuration the individual curves the group and the com- 
posite type curve differs from that the former group. The shift the 
relative positions corresponding points not constant, the magnitude 
the increased precipitation being relatively greater for the lower concentra- 
tions with the sulphate, phenomenon which accompanied by.an increasing 
the denaturated protein precipitated stages the 
flat portion the curves. 
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Curve 4 
Percentages saturation with ammonium sulphate. 


Percentage precipitation pseudoglobulin from its 


Fig. 
Curves representing the percentage precipitation pseudoglobulin from unheated and from 
heated solutions increasing concentrations ammonium sulphate. 
Curve for the unheated solution. Curves and for the heated solutions which, 
prior their being heated, the reaction had been adjusted 9-5; 8-7; and 


7-5 respectively. 


(b) THE PRECIPITATION ANTITOXIN WITH HEAT-DENATURATED 
PSEUDOGLOBULIN. 

had been intention ascertain the limits saturation with am- 
monium sulphate between which the antitoxin was precipitated from each 
the twelve solutions dealt with (a). But, owing the long continued 
scarcity experimental animals, was impossible carry out the scheme 
such extensive and comprehensive scale, and, therefore, the scope the 
work has been restricted determination the extent the association 
antitoxin with the protein precipitated conveniently chosen concen- 
tration with ammonium sulphate, viz. saturation with the salt. 
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The method procedure was follows. each the twelve solutions 
dealt with (a) was added the necessary volume saturated solution 
ammonium sulphate bring the concentration the latter the mixture 
saturation. The mixture was filtered; the protein and the anti- 
toxin content the filtrates were estimated the usual way; the values 
obtained were compared with those for the experimental solution. From 
these data was calculated the percentage the total antitoxin precipitated 
with the protein from the respective solutions. 

The data thus furnished were incorporated Table III and the curve 
Fig. They show that while the unheated liquid the precipitation 
antitoxin saturation with the sulphate negligible, the heated 
liquids the proportion precipitated this stage considerable and increases 
with the extent the denaturation. 


Percentage precipitation antitoxin with the pseudoglobulin. 


Percentage precipitation the pseudoglobulin. 
Fig. 


Curve representing the relative precipitations pseudoglobulin and antitoxin 30% 
saturation with ammonium sulphate from solutions which, prior their being heated, 


the reaction had been adjusted values between 4-5 and 
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Table III. Showing the relation between the extent the heat-denaturation 
pseudoglobulin and the precipitation antitoxin with the denaturated 
protein saturation with ammonium sulphate. 


The solution pseudoglobulin showed potency 450 units per cc. 


Percentage the Percentage the total 
total units precipi- 
Percentage precipitated tated with the pseudo- 


mental prior its the pseudo- tion with ammon- saturation with 
liquid No. being heated globulin ium sulphate ammonium sulphate 
control unheated 1-6 
6-4 21-8 24-3 
4-9 60-0 63-0 
4-55 83-0 86-0 >80< 
4-4 too solid measure >90 


The precipitation antitoxin was least from those liquids showing the 
least extensive denaturation (Nos. and 8), and these cases the pro- 
portion the total protein precipitated the sulphate was not linear 
measure the proportion the total antitoxin associated with the precipi- 
tate. the more acid and the more alkaline liquids, there was marked 
the precipitation protein and antitoxin, but was found that 
the increased precipitation protein beyond that shown Nos. 
and was measure the accompanying increased precipitation antitoxin 
this stage. 

seems justifiable conclude that the unheated liquid there com- 
paratively small load antitoxin attached the fraction pseudoglobulin 
which precipitated about saturation with ammonium 
sulphate, that is, with the pseudoglobulin which, unheated sera, would 
precipitated concentrations ammonium sulphate slightly greater than 
that required for the precipitation the euglobulin. comparatively low 
degree heat-denaturation suffices ensure the precipitation this fraction 
the pseudoglobulin saturation with the sulphate. more 
extensive denaturation leads the precipitation this stage fractions 
the pseudoglobulin which, the unheated liquids, would require con- 
siderably greater concentrations the sulphate. The antitoxin evenly 
distributed throughout the range the latter fractions, deduction readily 
made from the study the curve Fig. taken conjunction with the 
results obtained recent investigation the further fractionation the 


proteins heat-denaturated sera [Homer, 1919]. 
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The data thus obtained also furnish additional evidence that, the 
fractional precipitation antitoxin and pseudoglobulin ammonium sul- 
phate, increase the extent the denaturation, point, favours 
the isolation the antitoxin with correspondingly decreased percentage 
the original protein. But beyond this previously described limit 
1919] more extensive denaturation ceases advantageous, for, 
with the further increased removal protein there correspondingly in- 
creased proportional precipitation antitoxin; moreover, much the anti- 
toxin thus precipitated lost, the protein with which associated has 
been converted into condition. 

The consideration the above results taken conjunction with those 
from previous investigations leads the conclusion that, order 
isolate the bulk the antitoxin from antitoxic sera association with 
minimum percentage the total serum proteins, there need for the pre- 
liminary prolonged heating the serum originally advocated Banzhaf and 
Gibson [1907] and now generally adopted those engaged the con- 
centration sera. For while have shown that, the preliminary heating 
conducted the best advantage, the antitoxin can isolated from heated 
sera association with minimum amount protein the fraction pre- 
cipitated between and saturation with ammonium sulphate, 
more recent work demonstrates that the same results would have been 
obtained the isolation the protein fraction precipitated from the 
serum between and saturation with the sulphate. 

The concentration antitoxic sera the fractional precipitation the 
unheated serum ammonium sulphate, indicated above, obviously 
shorter process than those which preliminary heating the serum 
adopted. Furthermore, the fractional precipitation the unheated plasma 
serum between the higher limits for the concentration ammonium sulphate 
not attended with the filtration difficulties often experienced with heated 
sera fractionated between the lower limits, for, the former case not only 
the complete separation the euglobulin with the First Fraction assured, 
but the possibility trouble arising from the incomplete agglutination 
particles heat-denaturated protein avoided. 

The above considerations seem indicate that from the point view 
the isolation antitoxin and its associated protein, there practical 
advantage gained the preliminary heat-denaturation the serum. 

There is, however, some evidence show that, from clinical point view, 
the heating the serum beneficial. For, has been found that the sub- 
cutaneous injection into mice and guinea-pigs given amount cresylic 
acid causes more pronounced toxic symptoms when administered solution 
presence unheated serum proteins than when the presence serum 
proteins previously heated 57-5° for four hours. 

observations with regard the fractional precipitation and concen- 
tration unheated sera and the lessened toxicity cresylic acid presence 
heat-denaturated proteins will dealt with later communications. 
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SUMMARY. 


The increased precipitability pseudoglobulin from its heat-de- 
naturated solutions concentrations ammonium sulphate ranging from 

The increased precipitation pseudoglobulin thus induced (1) 
saturation with ammonium sulphate accompanied increased 
precipitation antitoxin. With the least extensive denaturation, the per- 
centage the total proteins precipitated this stage greater than that 
the antitoxin; the denaturation increases the further increased pre- 
cipitability the protein becomes linear measure the increased precipi- 
tation the antitoxin. 

the concentration antitoxic sera the fractional precipitation 
the serum with ammonium sulphate there need for preliminary pro- 
longed heating the serum. The results that are now obtained the isolation 
from the heated serum the protein fraction precipitated between and 
saturation with ammonium sulphate could obtained from the 
unheated serum between and 50% saturation with the sulphate. 

The heating the serum reduces the toxicity the cresylic acid- 
protein complex. 

The data furnished this research also point the conclusion that, 
order isolate antitoxin separate entity, means other than the frac- 
tional precipitation pseudoglobulin solutions salts must employed. 
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THE modern treatment diabetes founded the experimental work 
Allen [1915] the effects starvation the excretion sugar glycosuria. 
The observation that the urine many people suffering from this disease 
may freed from sugar starvation forms the basis the experimental 
work detailed the following pages. 

clear that the urine man suffering from glycosuria rendered 
sugar free starvation, then, the effect any diet his sugar excretion 
may determined. The accuracy the results limited the fact that 
not desirable keep man constant state starvation. But, 
careful choice the time which desired food given, and making 
graphic time record the sugar subsequently excreted, considerable amount 
information may obtained the effect that foodstuff the excretion 
sugar. From analysis these results, considered conjunction with 
other observations this hypothesis has been advanced the 
causation diabetes mellitus. 

The main results recorded were obtained from man, aet. 53, suffering 
from diabetes mellitus. When came under observation was excreting, 
per diem, about 250 dextrose contained four litres urine. 

The sugar determinations were made method originally described 
Wood and Berry [1903]. this method copper solution (suggested 
Soldaini were boiled for minutes with urine, and the 
precipitated cuprous oxide was filtered off asbestos felt contained 
Gooch crucible. The cuprous oxide was dissolved 2-5 solution 
ferric sulphate contained and the equivalent amount 
ferrous sulphate formed was estimated standard solution perman- 
ganate. The strength the permanganate solution was such that 

The man’s was carefully weighed and controlled during the experi- 
mental period. Whenever emptied his bladder the amount urine excreted 
and the time excretion were noted. The quantity dextrose contained 
urine was determined. The man was encouraged micturate 
frequent intervals that time curve showing the rate sugar excretion 
could obtained with fair degree accuracy. 
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(a) Starvation. When the man first came under observation three days’ 
fast was required free his urine from sugar. The following detailed experi- 
ment was made three weeks later and shows, inter alia, that considerable 
improvement had taken place his condition. His last meal was taken 
6.30 p.m. Within hours his urine was free from sugar. The table shows the 
effect deprivation all food the average sugar and urine excretion 


per hour. 


Amount ec. Total Sugar Urine 
Time urine for sugar per hour per hour 
ce. 
4.30 p.m. 253 16-4 15-7 
Midnight 337 8-4 10-8 2-68 
2.30 a.m. 280 9-9 10-5 4-2 112 
224 7-95 6-73 6-73 224 
1.30 p.m. 476 0-85 1-54 0-62 190 
253 0-25 0-24 0-12 226 
364 0-05 0-068 0-034 182 
503 0-05 0-096 0-038 201 
a.m. 224 0-05 0-042 0-008 


Sugar grams per hour 


Fig. 

The results are shown graphically Fig. The rapid disappearance 
sugar from the urine starvation shown clear way. From midnight 
noon excreted g., from noon midnight dextrose. The dis- 
appearance sugar from the urine when food was taken afforded means 
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whereby the effect diet the excretion dextrose the urine could 
determined. Incidentally may remarked that the curve shows the effect 
taking caffeine (contained tea without milk sugar) The 
amount urine was greatly increased, and, although the percentage sugar 
the urine remained constant, yet the total quantity sugar excreted 
showed prominent rise. Again, well known that the amount urine 
excreted glycosuria roughly proportional the amount sugar contained 
the urine. may observed that whereas this generalisation held true 
for the first hours when the urine contained large amount dextrose, the 
parallelism ceased when the urine became sugar free. 

(b) The object this experiment was ascertain whether 
the absorption any substance from the alimentary canal, considered inde- 
pendently its energy value, caused excretion sugar the urine. Since 
only one-fifth the total energy contained the extractives meat 
utilised the body, the man was given 840 cc. beef tea drink when his 
urine was free from sugar. The following table shows the results observed: 


Total Sugar Urine 
Time urine for ce. sugar per hour per hour 
9-10.15 a.m. 1-6 0-3 0-15 
4.30 p.m. 140 6-6 0-7 


The beef tea was taken between 2.30 p.m. and Only small 
quantity sugar was excreted, about equal the carbohydrate extracted 
from the beef. definite evidence was obtained favour the assumption 
that the extractives contained beef may give origin sugar, nor that the 
act absorption from the alimentary canal may cause the excretion sugar 
the urine. 

(c) Alcohol. was interest determine the effect relatively simple 
substance high calorific value the excretion sugar. Alcohol was 
chosen this purpose since has obtained reputation foodstuff 
considerable value the dietetic treatment diabetes mellitus. 112 cc. 
whisky containing alcohol were given two portions p.m. and 
respectively. each case water was added make the volume the 
diluted fluid The following figures show the excretion sugar and 
urine during the experimental period. 


Amount ce. Total Sugar Urine 
Time urine for ce. sugar per hour per hour 
a.m. 112 3-0 0-65 
140 0-8 0-42 0-42 140 
0-9 0-20 0-05 


The figures show that after the ingestion alcohol the excretion sugar 


increased small amount only—from 0-245 sugar per hour. 
Since alcohol metabolised considerable extent the body—only 
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being excreted—it evident that the tissues can utilise simple 

containing carbon, hydrogen and oxygen only without concomitant excretion 

sugar the urine. This fact some practical value since the calorific 

value alcohol seven and the available energy obtained from 112 cc. 
whisky containing alcohol amounts 235 

(d) Protein. The effect protein the excretion sugar was determined 
giving meal 112 caseinogen 4.30 p.m. The urine was not free 
from sugar before giving the caseinogen since, four hours previously, the man 
had eaten small quantity beef and green vegetables. However, the com- 
parative results, and particularly the graphic record these results, clearly 
show the effect caseinogen the excretion sugar. 


KMn0, Total Sugar Urine 
Time urine for ce. sugar per hour per hour 
2.30 p.m. 196 2-1 1-56 0-39 
4.30 280 1-9 140 
a.m. 364 0-4 0-56 0-08 


The results are shown graphically Fig. evident from the figure 
that the sugar between p.m. and p.m. was due the ingested 
this assumption the metabolism 112 caseinogen caused 
the excretion dextrose the urine. The caseinogen was sugar-free 
that the dextrose must have originated from the amino-acids the protein. 
interest compare this result with that obtained Janney [1915] 
phlorhizinised dog. this case the ingested protein appeared 
the urine dextrose. Since assumed that dog treated with this drug 
incapable utilising dextrose, the deduction made that caseinogen contains 
amino-acids which normally may give rise dextrose. From these 
figures may calculated that the man was capable utilising 
the amino-acids caseinogen which were available for conversion into 
dextrose. 

(e) Carbohydrate. Whatever the carbohydrate eaten—starch, cane sugar, 
lactose laevulose—dextrose only was excreted the urine. The effect 
carbohydrate the excretion sugar was determined detail. Carbohy- 
drate three forms was given: (i) laevulose, (ii) cane sugar, (iit) oatmeal 
(starch). 

(i) Laevulose. The view often expressed that laevulose utilised 
considerable degree people suffering from glycosuria. The results recorded 
show that laevulose utilised less degree than either cane sugar starch. 

laevulose dissolved 224 cc. water were taken The 
comparative results depicted Fig. show the effect the sugar excretion 
this ingested laevulose. 
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Amount Total Sugar Urine 
Time urine for ce. sugar per hour per hour 

ec. 

8 = 56 9-2 1-93 0-64 19 
168 9-2 5-85 336 
1.30 a.m. 280 12-0 12-7 3-65 
3 99 70 10-5 2-8 1-86 46 


The curve shows that the ingested laevulose caused very rapid rise 
the amount sugar excreted the urine. Within minutes the rate 
sugar excretion increased from 0-64 per hour. The results also 
show that the greater part the effect passed off two hours since after that 
time the average rate sugar excretion fell from 3-65 per hour. 
The figures allow approximate calculation made the amount 
sugar excreted after eating laevulose. The average sugar excretion 
before eating the laevulose p.m. was 0-64 per hour. again fell this 
level may therefore concluded that the sugar excreted, due 
the ingested laevulose, was confined the urine formed between p.m. and 
Also may assumed that during this period 0-6 sugar per hour 
was due the metabolism foodstuffs, other than laevulose, previously 
eaten. these assumptions may calculated that sugar were 
excreted the result eating laevulose—or the laevulose ingested 
was utilised whilst was excreted the urine. Comparative colour 


tests showed that practically the whole the reducing sugar excreted was. 


dextrose. The urine passed and gave characteristic 
reaction. The colour produced under standard conditions when 
compared with the colour produced under similar conditions normal urine 
which known amounts laevulose had been added indicated that only 
0-75 laevulose was excreted such. Therefore the following conclusions 
may summarised from these observations: (a) nearly the ingested 
laevulose was excreted dextrose, and (b) within two hours two-thirds 
the excreted sugar had been transformed and excreted. 

(ii) Cane sugar. order determine the capacity the man utilise 
this form carbohydrate, 112 cane sugar were dissolved 
water. The syrup was taken The following figures show the 
amount sugar excreted during the experimental period: 


Amount ce. Total Sugar Urine 
Time urine for sugar per hour per hour 

4.30 p.m. 140 6-6 0-67 

4-6 1-52 0-435 24-0 

7 ” 56 4-0 0-85 0-28 8-0 
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These results, shown graphically Fig. illustrate clear manner the 
effect eating 112 cane sugar the amount sugar excreted the 
urine. after eating the cane sugar, the average amount 
sugar per hour the urine was 0-435 g.; there was large 
rise the excretion, and after that time the average per hour fell 0-28 
may concluded that the sugar excreted a.m. and a.m. was mainly 
derived from the ingested cane sugar. this assumption, and allowing 0-3 
sugar per hour derived from some source other than the cane sugar, 
may calculated that the ingestion 112 cane sugar resulted the 


i?) 


Sugar grams per hour 


Fig. 


output 36-5 sugar the urine. There was cane sugar contained 
the urine, since its reducing power was unchanged after hydrolysing with 
H,SO, 120° for minutes. Also there was only trace laevulose the 
urine—less than 0-1 Hence may conclude that the 36-5 reducing 
sugar contained the urine consisted dextrose only. Now 112g. cane 
sugar when hydrolysed yield invert sugar. Therefore after the 
absorption 124 invert sugar from the alimentary canal 87-5 were 
utilised the tissues whilst 36-5 were excreted dextrose. Despite the 
fact that the man excreted sugar not only carbohydrate diet but also 
protein diet, his tissues possessed capacity utilise carbohydrate 
derived from cane sugar the extent only being excreted 
dextrose the urine. 
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(iii) Oatmeal. This foodstuff has been advocated Van Noorden 
suitable diet for diabetics. The capacity the man utilise carbohydrate 
when presented this form was therefore determined. the first occasion 
the man ate oatmeal midday. The following figures show the effect 
this food his excretion sugar. 


Total Sugar Urine 
Time urine for sugar per hour per hour 
10.30 a.m. 2-05 0-65 
252 2-4 2-28 2-28 252 
280 0-25 0-26 0-06 


The results are shown graphically Fig. may seen from the 
diagram that the ingestion oatmeal resulted the excretion 
5-78 dextrose. Now oatmeal contain 14-7 starch, and this 
hydrolysis yields 16-4 dextrose. Therefore diet containing carbo- 
hydrate equivalent 16-4 dextrose resulted 10-6 being retained 
the tissues and being excreted the urine. other words the 
available carbohydrate was excreted dextrose whilst was utilised 
the tissues the body. 
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Fig. 


second experiment was made which 184 oatmeal were given 
four equal portions, 8.30a.m., 12.30 p.m. and 4.30 p.m. 
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The object the experiment was determine whether could utilise carbo- 
hydrate greater less extent when was continuously supplied the 
tissues the body during the day, contradistinction the above experi- 
ment which small quantity carbohydrate was given one meal. The 
following results were obtained: 


Amount ec. Total Sugar Urine 
Time urine for sugar per hour per hour 

1-5 a.m. 112 9-1 0-97 
Noon 168 13-3 8-5 
168 13-0 8-25 2-75 
252 18-8 17-9 3-6 
2.15 a.m. 112 4-03 0-95 


The results are plotted Fig. The graphic record shows that the sugar 
excretion due the oatmeal eaten the four meals during the day extended 
from During this time the amount dextrose excreted 
(allowing sugar per hour derived from sources other than the oatmeal, 
the quantity excreted per hour before and after the experimental period) 
amounted The oatmeal eaten contained 118 starch and this 
hydrolysis would yield dextrose. Therefore the total carbo- 
hydrate (calculated dextrose) available during the day approximately 
94-5 were metabolised the tissues the body and 35-5 were excreted 
the urine; other words, was metabolised and 


excreted. 
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Fig. 


EXPERIMENTAL RESULTS. 


The results detailed the previous pages the relation sugar 
excretion diet man suffering from moderate form diabetes mellitus 
are summarised below: 

(1) When first determined the daily output sugar was about 
contained litres urine. Starvation freed the urine from sugar hours. 
Three weeks later the sugar excretion per diem was 120 contained litres 
urine. second period starvation rendered the urine sugar-free 
hours. 

(2) Whatever the carbohydrate eaten—starch, cane sugar, lactose 
laevulose—dextrose only was excreted the urine. 

(3) Starch and cane sugar were utilised the extent laevulose, 
the other hand, was utilised only the extent 

(4) The capacity the tissues utilise sugar was not absolute amount 
but was determined the quantity carbohydrate presented them. Thus 
when 14-7 starch were eaten was metabolised the tissues and 
was excreted dextrose. When 118 starch were eaten was 
utilised the tissues and excreted dextrose. the latter case nine 
times much carbohydrate was metabolised the former case. 

(5) Amino-acids, contained caseinogen, available for conversion into 
dextrose, were utilised greater extent than starch. Thus only 
dextrose were excreted the urine after eating caseinogen, 
the amino-acids available for conversion into dextrose were meta- 
bolised. 

(6) Within two hours the ingestion laevulose dextrose 
were excreted the urine. 

(7) The absorption extractives small energy value from the alimen- 
tary canal produced increased excretion sugar. 

(8) Considerable quantities were metabolised without con- 
comitant excretion sugar the urine. 

The following additional facts have been observed other cases diabetes 
mellitus. 

(9) diabetes mellitus there marked hyperglycaemia. The amount 
dextrose the blood may exceed 0-4 During starvation the amount 
sugar the blood diminishes and reaches normal level when the excretion 
sugar the urine ceases. 

(10) The liver child whose death was due diabetes mellitus possessed 
great action carbohydrate and fat that child suddenly killed 


accident. 
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RESULTS—THE ABNORMAL FACTOR MELLITUS. 

Various hypotheses have been advanced the causation this disease. 
Among such hypotheses may mentioned those which assign the abnor- 
mality (a) the alimentary canal, the liver, (c) the muscles. The experi- 
mental results given the previous pages offer some evidence favour 
against these 

(a) The alimentary canal. The hypothesis that the essential cause 
diabetes alimentary toxaemia received strong support from the results 
obtained starvation the excretion sugar. But the observations that 
some cases diabetes continue excrete sugar even after prolonged periods 
starvation, and that the absorption water, alcohol extractives from 
the alimentary canal does not increase the excretion sugar, militate against 
this hypothesis. 

(b) The liver. many fatal cases diabetes the liver found enlarged. 
This fact, together with the knowledge the part played the liver carbo- 
hydrate metabolism, forms the basis the hypothesis that diabetes mellitus 
the liver fault. The assumption that hypertrophy due attempt 
the part the organism compensate for diminished functional activity 
receives support from consideration the ferment activity the organ. 
Within two hours the ingestion laevulose dextrose were 
excreted the urine—a chemical change which may assumed with some 
degree certainty have occurred the liver. Further, preparations made 
from the liver child who had died from diabetes were less active 
various forms carbohydrate and fat than similar preparations made from 
the liver child accidentally killed. Apart from the question ferment 
activity, however, might assumed that the essential failure the chain 
carbohydrate metabolism mellitus the inability the liver 
form compounds, analogous phosphatides fat metabolism, for the trans- 
port dextrose the muscles. This assumption negatived the fact that 
diabetes the body can utilise equal degree carbohydrates presented 
large small quantities. clear that any synthetic deficiency would 
more marked the greater the quantity substance elaborated. 

(c) The muscles. Cohnheim’s [1903] hypothesis that there deficiency 
pancreatic kinase required activate the precursor the glycolytic 
ferment muscle—diabetes being due failure the muscles utilise 
dextrose, secondary disorder the pancreas—was not supported the 
experimental results Patterson and Starling [1913] the rate utilisation 
dextrose the perfused hearts depancreatised dogs. They demonstrated 
that pancreatic glycosuria dogs does not result the production such 
condition that cardiac muscle unable utilise dextrose presented 


perfusing fluid. 

Again, there evidence that the muscles are unable utilise dextrose 
diabetes. Muscular weakness never prominent symptom except 
advanced cases the disease. Further, many observations have been made 


showing that even with pronounced glycosuria acetone allied bodies 
may present the urine. Now early sign carbohydrate deficiency 
the body the excretion acid and acetone. Therefore, 
these cases, clear that the tissues are able elaborate all the carbo- 
hydrate they require for their metabolic activities. fact, the quantity 
dextrose present the blood such that the muscle cells can elaborate 
amount energy complex commensurate with their requirements, then the 
concomitant excretion sugar the kidneys does not involve any evidence 
muscular weakness the excretion acetone bodies the urine. The 
fundamental fact observed the experiments recorded that the capacity 
the tissues utilise carbohydrate not absolute amount but deter- 
mined the quantity carbohydrate presented them. Now established 
law ferment action that the quantity substrate changed ferment 
proportional its concentration. must therefore consider the carbo- 
hydrate ferments the muscle cells the weak link the chain carbo- 
hydrate metabolism. The following hypothesis put forward elucidate 
the phenomena observed. 

The muscles diabetes mellitus are able, limited extent only, 
utilise dextrose the concentration which exists normal blood, the 
degree limitation being proportionate the severity the disorder. There 
therefore call for higher concentration demanding more sugar from the 
sources supply. Thus the percentage sugar accumulates the blood until 
reaches level which excreted the kidneys. this hypothesis 
the accumulation sugar the blood and the resultant glycosuria are 
secondary changes the synthetic activity the muscle ferments. The 
muscles are able utilise dextrose but, compared with normal muscle, they 
are unable synthesise the inogen complex rate commensurate with 
their expenditure energy from dextrose present the blood concen- 
tration below that which excreted the kidneys. Hyperglycaemia 
diabetes compensatory mechanism. The resultant glycosuria secon- 
dary effect depending the fact that far the tissues the body generally 
are concerned the activities the kidneys are regulated that dextrose 
present the blood percentage greater than certain amount excreted 
the urine. 

This hypothesis demands corollary that the muscles are the active 
agents which mobilise the carbohydrate stores the body. propose 
consider the problem, whether the active agent chemical hormone elabor- 
ated the muscles whether the central nervous system involved the 
metabolic chain, subsequent communication. 
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interest focussed the present time upon the antiscorbutic 
substance found many natural foodstuffs, and the relationship this sub- 
stance scurvy man and experimental scurvy guinea-pigs and 
monkeys has been the subject many investigations during the past few 
years. These researches have demonstrated that individuals these species 
are fed upon dietary deficient the antiscorbutic substance they will 
sooner later exhibit the classical symptoms scurvy. Other species, 
however, appear able thrive for long periods time upon similar 
dietaries, without showing apparent symptoms ill-health, much less definite 
pathological lesions. Such species the rat. The researches upon the growth 
problem have been carried out very largely with this animal experimental 
subject, and they have yielded results which indicate that the rat requires for 
satisfactory completion its life cycle diet containing not only adequately 
adjusted supplies protein, fat, carbohydrate and inorganic salts, but also 
sufficient supply two accessory factors, which have been provisionally 
termed “fat-soluble A,” and “water-soluble B.” The general opinion has 
the present held that the diet adequate these respects the rat 
show normal rate growth and normal standard nutrition throughout 
the span. This has led the assumption that the rat species repre- 
sentative type showing susceptibility scurvy, since all intents and 
purposes has been possible obtain normal standard nutrition through- 
out its life period, although the diet has been seriously, not totally, deficient 
the antiscorbutic factor The only alternative such 
assumption, was pointed out McCollum and Pitz [1917] conclude 
that scurvy reality not deficiency disease the sense which the term 
has been employed during the past ten years. 

Since this alternative has been shown unsatisfactory, and since 
now established without any doubt that scurvy indeed typical deficiency 
disease [Harden and Zilva 1918, 1], are faced with the need for explana- 
tion the ability the rat grow and maintain apparently excellent health 
the absence the substance. 
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Quite recently Harden and Zilva [1918, have brought forward experi- 
mental evidence that the antiscorbutic factor does play beneficial réle 
the nutrition the rat. They state that rats subsisting diet containing 
the antiscorbutic substance well the water-soluble and fat-soluble factors 
grow better than rats from the diet which the antiscorbutic factor 
absent. 

This, they point out, indicates that rats are susceptible antiscorbutic 
deficiency although they not develop definite the disease. Some 
time prior the publication this paper the same point was under investi- 
gation this laboratory, because some rough experiments had indicated that 
recovery from the pathological condition induced deficiency fat-soluble 
was certain cases more rapid when diet containing butter fat plus orange 
juice was given than when the ration contained butter fat but fruit 

Two standard dietaries were made follows: 


Ration tation 

Purified caseinogen parts parts 


Several healthy litters young stock rats approximately the same age 
were selected and each litter was halved. Two batches were then made 
the halves the divided litters, that half each litter would receive each 
dietary. the commencement the experiment the animals were about 
six weeks old and were all very similar body weight. These two batches 
were fed, the one the orange juice diet and the other what may termed 
the scorbutic ration. 

Both lots grew well, and after maturity was reached breeding was per- 
mitted, and the growth and development the second generation were also 
watched. 

Throughout the experiment, more satisfactory development was shown 
the batches receiving the orange juice addition their diet. The differ- 
ence was not marked until the animals approached maturity, and was 
not discernible the eye, being only apparent study the body 
weight. 

Table gives the average weights male rats upon the two diets. All the 
animals each batch showed body weights very close the average, that 
there was case one two low weights causing unfair reduction 
the value. 
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Table Average Male Rats grams. 
Ration Ration Donaldson 

Days animals) animals) [1915] 
124 122 125 
161 183 184 
193 213 223 
120 208 234 244 
150 220 248 258 
180 233 256 268 
210 241 263 274 
240 245 278 280 
270 249 287 296 


similar observation was made the case the females, but this case 
difficult illustrate the fact clearly tabular manner owing the dis- 
turbances the weight increments caused pregnancies. these two 
batches there was just little choose between the appearance the 
animals was observed the case the males. After maturity was reached 
the breeding propensities both batches were good, although the whole 
larger number litters was obtained from the females receiving the orange 
juice diet. 

The representatives the second generation nourished upon the two 
rations were every case good appearance, but Table demonstrates 
that those receiving the orange juice supplement were able grow the 
more rapid rate. All litters were reduced uniform size (4) immediately 
after birth, equalise the labour rearing the young animals imposed 
upon the females the two sets. 


Table II. 


Males Females 
Ration Ration value Ration Ration value 


Although these figures represent the averages somewhat small numbers 
animals, they may taken indicating that the rat requires the anti- 
scorbutic factor order achieve normal development, and that although 
the requirements this species are very much smaller order than those 
exhibited man, the monkey the guinea-pig, they are sufficiently well- 
marked dispel any idea that there exists fundamental difference the 
nutritive requirements the two types animal. 
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These results are agreement with those published recently Harden 
and Zilva [1918, 2]. 

may therefore accepted experimentally proven that the dietary 
requirements the higher animals include addition satisfactorily 
balanced ration protein, fats, carbohydrate and mineral salts, adequate 
supply three accessory food factors: 

Fat-soluble 
Water-soluble antineuritic factor. 
Water-soluble antiscorbutic factor. 
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than numerous observations upon the distribution fat-soluble 
foodstuffs curiously little attention has been devoted that important sub- 
stance. The present study was begun with the object ascertaining its 
chemical nature. 

Few definite statements regarding the properties fat-soluble are 
found the literature. many has been considered relatively 
thermostable substance, view which has led suggestions being advanced 
that was more less clearly defined chemical unit such lipoid. 
McCollum and Davis [1914, reported that the factor was present 
ether extract boiled eggs, whilst Osborne and Mendel [1915] found the 
growth promoting properties butter fat unaffected treatment with steam 
for over two hours. 

More recently, however, the thermostability the accessory factor has 

been questioned Steenbock, Boutwell and Kent [1918], who have demon- 

strated that exposure butter fat temperature 100° for four hours 
sufficient destroy most, not all, its growth stimulating powers. 

Regarding the chemical nature fat-soluble practically information 
has been derived from study the literature. McCollum and Davis [1914, 

hydrolysed butter fat non-aqueous medium room temperature and, 
without attempting any separation the products hydrolysis, believed they 
had obtained evidence that fat-soluble had survived the process. 

very considerable amount work has been carried out this laboratory 
aiming the isolation and identification fat-soluble Much the earlier 
work, however, was based assumption that the factor relatively 
stable temperatures below 120°. 

This assumption was founded partly the results obtained previous 
workers which have already been referred to, and partly the observation 
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that many oils, the preparation which drastic processes employing high 
temperatures have been used, were found rich sources fat-soluble 
Examples oils this type are many fish oils [Drummond, 1918]. 

Few the early experiments will described because they have scarcely 
any interest the light the results yielded the examination the 
stability the accessory factor 

The thermostability this factor was not doubted until enquiry into 
the effects hydrogenation upon the factor present oils was undertaken 
collaboration with Professor Halliburton, the request the Oil 
and Fats Committee the Food Investigation Board. 

This investigation yielded results which demonstrated beyond any doubt 
that fat-soluble the form which occurs natural animal fats, 
much less stable high temperatures than has been previously assumed. 
Such observation necessitated complete revision all the previous 
experiments isolate and identify the factor, many which high tempera- 
tures had been employed. 


EXPERIMENTAL METHOD. 


early stage became apparent that some more less approximately 
standardised method testing substances for the presence fat-soluble 
was necessary, any results comparable nature were obtained. The 
elaboration such method presented very great difficulties, may well 
imagined those who have had experience this field research. 

Although the method described far from perfect, has nevertheless 
yielded somewhat more useful results than would have been obtained 
direct feeding tests the usual type. The method present being used 
routine this laboratory and should useful for comparative studies, when 
improved certain modifications which are now under consideration. 

The animals used trials this nature are selected from our own carefully 
bred stock, and are, therefore, higher standard than those which form 
the average stock supplied outside breeders. 

The beneficial results using none but home-bred stock are quickly 
apparent this type research and should borne mind anyone who 
attempts undertake it. Young healthy rats selected from the main stock 
and weighing about are fed upon artificial ration constituted 


given below: 


Butter fat (source fat-soluble 


Filtered orange juice (source water-soluble 
The last constituent added because has been recently shown that rats 
show more satisfactory growth and development when their ration contains 
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the antiscorbutic factor addition the other requisites. [Harden and Zilva, 
1918; Drummond, 

Whilst nourished upon this ration the young rats should show strictly 
normal rate growth and maintain good health. Any which fail 
this preliminary period are regarded for experimental purposes and 


_are rejected. The remainder, having given evidence normal power 


grow, are removed from the complete ration when they have attained 
average body weight and are given dietary similar the above 
but which the butter fat has been replaced equivalent amount 
fat known deficient fat-soluble 

For this purpose considerable use has been made hardened linseed oil, 
which contains detectable traces the accessory substance Occasionally 
when very important experiment was undertaken this fat was further 
purified one recrystallisation from alcohol. 

Fed upon this diet deficient fat-soluble the experimental animals should 
quickly cease growing. Occasionally very vigorous individual will continue 
grow for some weeks after the deficiency has been introduced and such animals 
should not employed experiments comparative nature. The majority 
the young animals show greatly retarded growth after week upon the 
deficient dietary. When definitely established that growth inhibited 
the deficiency fat-soluble the linseed oil either wholly partially 
replaced the substance tested. The behaviour the animal then 
closely watched during period from four six weeks. absence fat- 
soluble the added fraction indicated growth the part the 
animal, followed decline health accompanied the characteristic eye- 
condition which has somewhat loosely been termed xerophthalmia. 

the other hand, the animal shows growth, the rate this may 
taken roughly proportional the amount fat-soluble which has 
been supplied the added fraction. Finally, cases where little growth 
has been observed during the period when the unknown substance was tested, 
the rats are placed upon the original complete dietary order determine 
whether they still possess the power grow when all their nutritive require- 
ments are supplied. 

will naturally realised that great importance determine the 
food intake throughout experiments this type, although there need 
for other than approximate values, unless the trial one crucial nature. 
The importance working along some such roughly standardised lines 
these quickly impressed upon one during the course investigation 
this nature, for has been ascertained that the requirements animals for 
the fat-soluble accessory substance become smaller maturity approached, 
that the age the experimental animals and their food intake must 
taken into careful consideration. 


6—2 
a 


DRUMMOND 
has already been stated this study arose from enquiry into the effect 


hydrogenation the fat-soluble factor present oils and fats. Very large 
quantities oils are now hardened the catalytic method reduction with 
gaseous hydrogen, the products obtained being utilised widely for the manu- 
facture edible fats, such butter and lard substitutes. [Halliburton, Noél 
Paton, Drummond and others, 1919.] The ever-increasing consumption 
preparations this type might conceivably lead time grave disturbance 
the health the people, should found that they are seriously deficient 
the fat-soluble factor. 

Hardened vegetable oils are known useless sources fat-soluble 
Simmonds and Pitz, 1916, Halliburton and Drummond, 1917], 
but information was available regarding the influence the process upon 
animal fats. convenient product for examination whale oil was chosen. 
This oil contains fat-soluble readily procurable 
large batches uniform composition, representative type which 
extensively used for hardening, and does not require separated from 
other substances before use, necessary when butter used. 

The specimen whale oil employed most this investigation was 
mixed batch uncertain origin. Its quality was the commercial grade 0-1, 
and was clear pale yellow oil containing small amount crystalline 

For this oil indebted Simpson, Manager Ardol, Ltd, 
Selby, Yorkshire, whom must also express appreciation his kindness 
preparing several specimens treated oils. 

The main supply oil was tested and found satisfactory source 
fat-soluble (Table experiment 6). this oil was apparently 
efficient butter fat (Table experiments 1-5). 

Simpson kindly arranged for batch this oil hardened the 
plant Selby. This was effected exposure the oil gaseous hydrogen 
temperature 250° for four hours the presence metallic catalyst. 

The pressure the hardening chamber usually about atmospheric. 

sample the hardened product was forwarded and was clean 
white fat resembling mutton fat both taste and smell. has entirely lost 
all trace the fishy smell possessed the original oil. The hardening process 
had, however, also destroyed all power act source fat-soluble 
(Table experiment 7). Young rats fed upon diet containing this 
fat sole possible source fat-soluble failed grow and sooner later 
developed the characteristic infection the external eye. 

The question then arose whether destruction the active principle 
had been caused the reduction unsaturated body the elevated 
temperature employed the process. 
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No. 
experi- 
ment 
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THE FAT-SOLUBLE ACCESSORY SUBSTANCE 
Table 
Average weights three rats every seven days 
Substance tested for fat-soluble 
sent 
stroyed 
100° for hours ... 100 106 109 100 
butter fat heated 37° for days 
temperature for days 100 104 112 Some destruction 
whale oil heated 37° absence 
Aqueous extract represe nting 
present 
water-extracted whale oil 104 116 122 destruction 
Dilute acid extract 
acid- extracted whale oil 110 122 129 slight loss 
Alcohol extract representing whale 
sent 
alcohol-extracted whale oil 110 121 120 Very slight loss 
Unsaponifiable matter representing 
Unsaponifiable matter representing 25% 
Unsaponifiable matter acids from 
Glycerol water representing whale 
Unsaponifiable matter representing 
Gly cerol water representing whale 
Unsaponifiable matter fatty acids from 
present 
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test this point sample the oil was subjected Selby the con- 
ditions hardening without the presence hydrogen. This sample, after 
exposure 250° for four hours, was inactive source fat-soluble 
(Table experiment 8). 

this result indicated that heat was the destructive agent the effect 
lower temperatures was investigated. view the previous findings the 
American workers was somewhat surprising find that exposure the 
oil temperatures 75° 100° for four hours was sufficient render 
valueless source the accessory dietary unit (Table experiments 
and 10). Just about this stage the investigation the paper Steenbock, 
Boutwell and Kent [1918] reached this country, and view the results 
described therein was decided carry out some experiments butter fat. 

Their observations upon the destruction butter fat 100° were con- 
firmed the results these experiments. Exposure butter fat 100° for 
periods from one four hours destroys its growth promoting power entirely, 
far can determined experiments young rats (Table experi- 
ments 

The effect lower temperatures was also investigated and was ascer- 
tained that the nutritive value butter fat may appreciably lowered 
four hours’ exposure temperatures ranging from 50°-75° (Table experi- 
ments 

Interest was immediately focussed upon the probable nature the 
destruction, for obviously fat-soluble substance much more unstable 
nature than had been previously believed. 

The chemical changes which occur oils and fats heating relatively 
low temperatures are yet imperfectly understood. They are grossly repre- 
sented alterations the acid value and the iodine value, which indicate 
changes hydrolytic and oxidative nature. was therefore possible that 
inactivation fat-soluble was result oxidation increase the 
proportion free acid present. 

Both these changes occur when fats undergo the alteration known 
rancidity. sample butter was permitted become markedly rancid 
exposure temperature 37° contact with air for period slightly 
over three weeks. The acid value this sample showed that rancidity was 
well advanced. Tested upon rats, this sample appeared have lost very 
slightly its value source fat-soluble (Table experiment 16). This 
result first led the adoption the view that oxidation was factor 
destruction but the following experiments with whale oil soon dispelled that 


idea. 

Samples whale oil were allowed become oxidised contact with air 
when spread out thin layers porcelain dishes. One sample was kept 
room temperature whilst the other was maintained 37° incubator. 
Both samples absorbed oxygen shown drop the iodine’ values 
(Table II) and the films oxidised oil which formed the surface were 
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frequently broken expose the lower layers. Oxidation under these 
conditions was permitted for eighteen days. 

The feeding tests upon the animal gave surprising results. The sample 
oxidised 37° was quite inactive regards fat-soluble whilst the sample 
which had been kept room temperature had lost but little its activity 
(Table experiments and 18). The iodine value the two samples showed 

oxidation had been more extensive 37°, that was necessary test 
whether this was responsible for the result. 

bottle was completely filled with oil, closely stoppered and sealed, 
after which was maintained 37° for fourteen days. This oil had under- 
gone changes oxidative nature result this treatment was 
shown the iodine value (Table had, however, very appreciably 
decreased efficiency regards fat-soluble (Table experiment 19). 
further sample oil, given opportunity for oxidation room temperature 
prolonged shaking the presence gaseous oxygen, when tested was 
found have lost little any the accompanying accessory substance 
(Table experiment 20). Apparently these experiments prove that oxidation 
plays primarily important part the destruction fat-soluble 
animal oils. 

This result confirms those obtained the experiments described 
Steenbock, Boutwell and Kent [1918] who found that butter fat was 
rapidly inactivated shaking for twelve hours with carbonated 
water when atmospheric oxygen was present. 


Table 

Value 
source Acid 
Sample oil fat-soluble value 
Original whale oil 4-9 118-5 
Whale oil heated 100° for 9-5 116-2 
Whale oil exposed thin layer air 37° 6-5 97°7 
Whale oil maintained 37° absence oxygen for weeks 4-95 118-7 

Whale oil shaken contact with gaseous oxygen for 4-82 114-0 


remains, however, reconcile these findings with that described 
earlier part this paper, where butter was found have lost but little 
its fat-soluble after exposure 37° contact with air for over three weeks. 

far the only explanation the different behaviour the two oils 
that butter fat much richer source fat-soluble is, therefore, 
possible for destruction have occurred, and yet sufficient have been left 
supply the requirements the rats when their diet contained 
the preparation. matter fact the animals which the rancid 
fat was tested did not show quite satisfactory rate growth 
those which received the untreated fat. 
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all the experiments this point had been carried out what may 
termed secondary source fat-soluble A—that animal fat containing 
the accessory substance derived from plant sources—it appeared desirable 
for tests made the thermostability the factor its primary environ- 
ment. 

Accordingly, series experiments was begun upon the factor present 
green leaves and seed embryos. 

Neither these investigations has yielded definite results and they are 
yet incomplete. The experiments with cabbage gave evidence that drying 
may reduce the efficiency leaves source fat-soluble but definite 
opinion can yet given. The experiments with wheat embryo were com- 
plete failure. Whenever this foodstuff was present any considerable pro- 
portion their diets the animals soon showed disturbances health which 
quite upset the purpose the experiments. 

This point has not been investigated further leads too far away from 
the main enquiry. is, however, interesting note that McCollum, Sim- 
monds and Pitz [1916, have described the presence wheat embryo 
substance distinctly toxic for rats. 

recent paper Osborne and Mendel [1919] contains information that 
spinach and alfalfa are rich sources fat-soluble even after the leaves have 
been dried 50-60° the air, but they give comparative tests with the 
fresh vegetables. 

Delf [1918], and Delf and Skelton [1918], report observations which lead 
them believe that high temperature the drying cabbage leaves may 
effect destruction the fat-soluble accessory. 


ATTEMPTS FRACTIONATE FATS CONTAINING FAT-SOLUBLE 


Extraction oils with water. 


was stated McCollum, Simmonds and Steenbock [1917] that shaking 
melted butter fat with repeated changes water removed the fat-soluble 
accessory substance from the fat. Many attempts repeat this apparently 
simple method separation were made this laboratory. Butter fat, whale 
oil and cod liver oil were all treated described but case was active 
aqueous extract obtained. the case butter fat confirmation their 
observation that the fat becomes inactivated this treatment was obtained, 
but whale oil and cod liver oil appeared lose little their activity during 
the process (Table experiments and 22). 

One the authors responsible for the original statement has now amplified 
somewhat [Steenbock, Boutwell and Kent, 1918]. These investigators 
report that neither the washed butter fat nor the aqueous extract contains 
fat-soluble The factor had been destroyed during the process and their 
further experiments indicate that this due the temperature used during 
the extraction. 
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Extraction whale oil with dilute acid. 


one time there was suggestion that butter fat contained substances 
containing nitrogen and phosphorus which might removed extraction 
with dilute acids. Funk and Macallum [1914] were under the impression 
that substance the accessory factor type might removed this 
process. 

Whale oil was extracted with three changes hydrochloric acid for 
several hours room temperature repeated shaking. The acid extract 
after neutralisation with dilute sodium hydroxide solution was evaporated 
vacuo 30° half its original volume. This fraction was totally inactive 
regards the fat-soluble factor whilst the extracted oil, after being freed from 
traces acid extraction with water, was practically active before 
treatment (Table experiments and 24). 


Extraction with alcohol. 


there are definite grounds for believing that fat-soluble soluble 
under certain conditions alcohol [Osborne and Mendel, 1915], sample 
whale oil was repeatedly shaken with several changes cold absolute alcohol 
room temperature. 

The alcoholic extracts after removal the vacuo 32° were 
found possess slight activity, but larger proportion the fat-soluble 
factor remained behind the extracted oil (Table experiments and 26). 

few attempts modify the experiments carried out Osborne and 
Mendel [1915] and thereby obtain alcoholic extract butter fat con- 
taining high concentration fat-soluble failed. Destruction the active 
principle apparently occurred owing the exposure the temperature 
boiling alcohol, whilst the extracts when prepared appeared lose their 
activity somewhat readily storage. This confirms the later observations 
Osborne and Mendel [1916]. 


ATTEMPTS SEPARATE FROM THE PRODUCTS THE 


Prior the appreciation the thermolability fat-soluble much 
work along these lines was carried out. Butter fat, cod liver oil, whale oil and 
liver tissue, all which are rich fat-soluble were hydrolysed hot 
alkalies and various fractions were prepared from the saponified products. 
trace any activity was found any these products. 

soon the temperature destruction was known was obvious that 
any further attempts along these lines must employ less drastic methods 
hydrolysis. 

McCollum and Davis [1914, have already advanced evidence that the 
accessory factor accompanying butter fat can resist the conditions necessary 
for the hydrolysis fats non-aqueous medium ordinary temperature. 
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The first experiments along these lines were made with butter fat. 

This fat was saponified the method Henriques [1895], process that 
completely hydrolyses the ordinary type fats hours room tempera- 
ture. After removal the solvents vacuo 35°, the soaps were dissolved 
distilled water 35° and the unsaponifiable matter removed extraction 
with ether. The fatty acids were then liberated very slight excess 
mineral acid and removed ether extraction. Both fractions were well 
washed with water and freed from ether evaporation under reduced 
pressure 37°. Animal feeding tests showed activity the part either 
fraction (Table experiments and 28). similar experiment was made 
with the products isolated from cold saponified whale oil and similar results 
were obtained (Table experiments and 30). 

The possibility fat-soluble being mixture two more substances 
suggested itself and tests were made with the united unsaponifiable and fatty 
acid fractions. activity was observed (Table experiment 31). The 
glycerol fraction after the removal ether and neutralisation was also inactive 
(Table experiment 32). 

Although the possibility oxidation during the processes being the cause 
the destruction was not considered probable, the light the results 
detailed the earlier work whale oil, nevertheless more careful experi- 
ment was carried out. 

sample whale oil was hydrolysed Henriques’ method, and through- 
out all subsequent operations involved the separation the various frac- 
tions, great care was taken exclude air. Distillations and operations that 
kind were conducted atmosphere carbon dioxide, while the fractions 
when prepared were stored highly evacuated and darkened desiccators. 

Particular care was taken the selection the animals employed the 
testing these particular fractions. evidence the presence fat- 
soluble the unsaponifiable matter fraction was obtained (Table 
experiment 33). 

Two these animals whose diet contained the fatty acids derived 
from whale oil showed practically growth during period observation 
five weeks and the end that time exhibited the external eye trouble. 
They speedily recovered health and resumed growing when given the original 
oil ration (Table experiment 34). 

The third animal grew during the whole five weeks although the rate was 
sub-normal throughout. did not any time exhibit sore eyes. This 
animal not included the average. 

doubtful result was thus obtained very important experiment 
further test was made which two young rats whose growth had been stunted 
and which eye disease had been produced deficiency fat-soluble 
were given the ration containing the whale oil fatty acids. re- 
sumption growth has yet been observed during fourteen days and the eye 


condition becoming progressively worse. 
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is, therefore, concluded that there evidence which identifies fat- 
soluble with any the fatty acids occurring whale oil, and the rat which 
was observed grow that fraction must have been one those individuals 
which are frequently encountered and which exhibit power grow for long 
periods time although receiving diet seriously deficient fat-soluble 

When diet containing both the unsaponifiable matter fraction and the 
fatty acid fraction was tested slight initial growth was observed some 
cases. This was not maintained, however, during the following weeks 
observation (Table experiment 36). Likewise, positive results were 
obtained when the glycerol fraction was tested (experiment 35) when all 
three fractions were combined (experiment 37). 

must remarked that all these feeding tests the food consumption 
was determined, even only approximately. every case except where the 
dietaries contained the glycerol fractions derived from the hydrolysed oils 
the food consumption was satisfactory. This excludes any complications 
arising from failure the animals partake sufficient food ensure 
adequate intake the substance being tested. 


Speculation the nature “fat-soluble occurs oils and fats 
perhaps unwise until this investigation has advanced few stages further. 

appears doubtful whether the substance known fat-soluble the 
form which occurs animal oils, clearly defined chemical substance 
comparatively simple constitution. Long before the discovery the 
thermolability the factor made such tests valueless, many attempts were 
made this laboratory identify fat-soluble with certain known con- 
stituents fats. 

Unsuccessful attempts were made replace the fat-soluble accessory 
factor the diet number the commoner fatty acids, glycerol, choles- 
terol, lecithin, sphingosin, phrenosin, kephalin and the lipochrome carrotene 
(Table experiments 38-43). 

The discovery the destruction comparativ low temperatures 
once narrowed the field possible identity very greatly. 

Further, when longer appeared probable that oxidation was respon- 
sible for the destruction, was possible rule out many substances such 
the unsaturated acids and the lecithins. 

interest refer here the question the therapeutic value cod 
liver oil. For many years this foodstuff has been widely employed the 
diseases malnutrition, and there have been numerous specu- 
lations why this particular oil should value such cases. 

Small traces iodine and other substances are frequently found cod 
liver oil, and some these impurities were considered responsible for 
the high nutritive value the oil. has been shown, however, that this view 
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incorrect, and that oils which are free from impurities containing phos- 
phorus, iodine and sulphur may give good results the treatment wasting 
diseases those which are less pure [Williams, 1912, 

Osborne and Mendel [1914], after having discovered the beneficial influence 
cod liver oil growth, remarked that perhaps more than coincidence 
that the oil has long enjoyed reputation for nutritive virtues which can 
scarcely attributed its fat content per se. The existence accessory 
substance certain fats was that time only just being suspected and 
interesting the light present knowledge quote the final paragraph 
their paper. “Perhaps experiences such have been reported this paper 
will pave the way for clearer understanding the physiological potency 
natural products like butter, egg-yolk and cod liver oil, which have long 
enjoyed popular, yet inexplicable, reputation for unique nutritive potency.” 

Williams [1912, has suggested that the case cod liver oil 
owing the presence peculiar unsaturated fatty acids. The work de- 
scribed this paper does not tend identify the fat-soluble factor with any 
the fatty acids present the oils which found, and the theory 
Williams would appear lack support. 

From the results obtained during this study one led conclude that the 
chief agent the inactivation fat-soluble temperature. must, how- 
ever, borne mind that all these speculations refer solely the factor 
present secondary sources, such the animal oils. quite possible that 
the factor occurs different form its primary environment the plant 
tissues; fact McCollum, Simmonds and Pitz [1916, have already inti- 
mated that the factor may present the embryos seeds combination 
with some cell constituents such protein. 

After much careful consideration the experiments which have been 
described felt that there justification for advancing the suggestion that 
the accessory growth promoting factor, provisionally termed “fat-soluble 
not clearly defined chemical substance but rather that labile sub- 
stance perhaps possessing characteristics resembling those enzyme. 

Although this hypothesis advanced with some hesitation the only 
one which has been found fit with the majority the experimental 
results. 

Attempts have been made collaboration with Rosenheim 
determine whether the factor can pass through rubber membranes, but un- 
fortunately the experiments have far failed. present believed that 
toxic substances are dissolved from the rubber dialysis membranes and pass 
into the solutions the oil rendering impossible carry out successful 
feeding experiments with the final products. When more satisfactory 
technique has been evolved for the purpose this experiment hoped 
gain information the class substance which fat-soluble belongs. 

Much further work will necessary before definite conclusion upon the 
important question the identity fat-soluble can arrived at, but 
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the meantime may useful test the possibility being ill-defined 
and labile substance such enzyme. 

surely legitimate conceive the animal organism being dependent 
upon the plant kingdom for supply essential complex that nature 
for the supply many indispensable substances more clearly de- 


fined constitution. 


indebted Professor Halliburton for his interest and advice 
during the course these experiments and Rosenheim for many 
valuable suggestions and for purified specimens certain lipoids and car- 
rotene. 


SUMMARY. 


The fat-soluble accessory food factor present certain oils, for 
example butter fat and whale oil, readily destroyed short exposure (one 
hour) temperature 100°. 

Destruction occurs, but less rapid, when the exposure tempera- 
tures ranging from 50° 100°. 

Exposure the oil temperature 37° for several weeks may cause 
destruction the accessory factor. 

Destruction apparently not result oxidation hydrolysis. 

Fat-soluble not extracted from oils water dilute acid. 

Fat-soluble soluble alcohol, and may removed small 
quantity from oils cold extraction with that solvent. 

Hydrolysis oils non-aqueous medium room temperature 
causes disappearance fat-soluble the factor not found present 
any the fractions derived from the original oil. 

far, there evidence which suggests that fat-soluble not 
single substance. 

Fat-soluble has not been identified with any the recognised com- 
ponents fats, such glycerol, saturated unsaturated fatty acids, 
cholesterol, lecithin, phosphatides the lipochromes. 

10. view the low temperatures which destruction may occur 
suggested that fat-soluble may labile substance ill-defined con- 
stitution. 
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NECESSARY FOR THE ADULT? 


For some years past has been accepted that the fat-soluble accessory 
factor plays important part the nutrition and growth young animals, 
but information regarding the requirements after maturity has been reached 
powerful stimulus research along these lines was provided 
the necessity for drastic reduction the fat-ration imposed during the war 
the shortage edible fats, and once became matter some urgency 
determine whether fat-soluble only required during the period 
growth whether equally necessary for the maintenance health 
the adult. 

one particular case has been proved that the adult 
animal requires regular supply accessory factors, and that the case 
the pregnant lactating female [McCollum, Simmonds and Pitz, 1916, 
Drummond, 1918, 1]. But the demand for the factors this case might 
accounted for the requirements the growing young, and might have 
reference the direct nutrition the mother’s body. 

During the course large number experiments carried out this 
laboratory during the last few years has been observed that young rats 
approach maturity their requirements for fat-soluble become markedly less. 
rat which nearly full grown can successfully complete its development 
upon allowance fat-soluble which would insufficient permit any 
growth whatever much younger animal. 

was therefore possible that fat-soluble essentially “growth” 
factor and might dispensed with the adult. Such was not, however, 
found the case. 
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Table 


No. 
rat 
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number young full grown rats both male and female were fed upon 
dietary deficient fat-soluble composed follows: 


Purified caseinogen 
starch 


99 


Salt mixture 
Yeast extract 
Hardened linseed oil 


parts 


experiments young rats has been ascertained that this ration 


contains detectable traces fat-soluble 

Many the adult animals nourished upon this dietary were able live 
apparently good health for considerable periods time, but sooner later 
they all showed decline body weight accompanied obvious de- 


creased resistance disease. 


fourteen control male rats which received adequate dietary con- 


255 260 
220 210 £220 
290 292 300 
297 305 300 
299 300 295 
306 310s 3310 
350 350 350 
268 270 282 
126 
250 
227 225 233 
305 
290 280 286 


280 
232 
315 
300 
295 
300 
350 
290 


seven days 


154 


250 


165 


297 
346 


286 


228 
330 
315 
295 
300 
346 
288 


250 


Weight every seven days 


270 
224 
310 
320 
285 
296 
340 
290 


242 


70 77 84 


255 270 
223 219 205 
310 300 280 
310 300 290 
250 255 
290 299 296 
339 345 335 
290 290 296 
External 


eye disease 


Slight 140th day 
Severe 150th day 


Severe 143rd day 


Slight 160th day 
Slight 150th day 
Severe 160th day 


Slight 90th day 
Severe 102nd day 


Slight 122nd day 
Severe 129th day 


Slight 150th day 
Severe 155th day 


Weights eight adult male Rats maintained Diet deficient Fat-soluble 


105 


280 
201 214 233 
280 270 290 
285 300 300 
240 218 
282 
300 


Cause death 


Died 182nd day, 
bronchopneu- 
monia 

Died 162nd day, 
cause not clear 


Died 107th day, 
lung disease 
Died 119th day, 
bronchopneu- 

monia 

Died 163rd day, 
cause not ascer- 
tained 


Dying with lung 
disease end 
experiment 


| 
l 260 260 280 275 275 
216 223 235 225 
310 310 310 320 | 
No. 
rat 
255 260 266 245 235 230 
290 295 290 285 280 275 250 
280 270 260 262 
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taining butter fat instead hardened linseed oil twelve were alive and 
excellent health the end the thirty weeks period observation. One died 
from bronchopneumonia while another succumbed sepsis consequent 
injuries received fighting. 

Eight adult male rats were fed upon the deficient ration and their subse- 
quent behaviour recorded Table Only three survived the experimental 
period, and they were all very poor nutritive condition. Many deaths 
were due lung diseases, whilst practically every animal showed the charac- 
teristic external eye disease some time during the experiment. 

number young adult females were also kept under observation and 
fed upon the fat-soluble deficient dietary. Breeding with the males upon the 
same diet was permitted. The females themselves behaved very much did 
the males described Table After period during which they maintained 
more less good health they began lose weight and present im- 
poverished condition. Many deaths from infective diseases occurred and 
cases external eye disease were frequent. 

number litters were born, particularly during the first few weeks 
the experiment, when the bad effects the diet had scarcely begun 
felt. These early litters were usually normal weight when delivered, but 
failed grow normal rate owing the deficient nutritive value the 
mothers’ milk [compare McCollum, Simmonds and Pitz, 1916, Drummond, 
1918, 1}. 

The majority were reared until able look after themselves, but they all 
appeared puny and very quickly contracted infections, particularly the eye 
disease, and the mortality amongst them was very high. 

few litters were born after the females had been the deficient ration 
for many weeks, but most the young which comprised these litters were 
devoured the mothers shortly after delivery, and any which escaped that 
fate seldom survived for more than day two. They were nearly every 
case undersized when born. 

may therefore taken proved that the adult animal organism re- 
quires regular supply fat-soluble This daily requirement much 
smaller order than that the young growing animal, but nevertheless 
important factor the maintenance health. appears probable that the 
resistance diseases bacterial origin seriously impaired failure 
the animal obtain sufficient supply the fat-soluble factor. There 
therefore every reason that great care should taken ensure that dietaries 
adults contain adequate supply foodstuffs which fat-soluble 
present. 


CONCERNED WITH THE METABOLISM Fats? 
the present are complete ignorance the function fat- 
soluble the body. The modern theories regard fat-soluble synthesised 


the plant, the tissues which may present loosely combined 


- 
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form which insoluble fat solvents. conceived that the alimentary 
tract animals this complex broken down and the factor now form 
soluble fats and fat solvents, forthwith accompanies them during absorp- 
tion Simmonds and Pitz, 1916, 

Its fate after absorption into the animal body yet unknown. Its 
presence certain fats, such beef fat, suggests that may part 
stored company with the reserve fat. 

view the possible connection between fat-soluble and some phase 
the metabolism fats few experiments have been made which will 
described this paper. 

was first decided test whether the animal organism able survive 
well diet free from both fat and the fat-soluble factor when the 
latter factor alone absent. 

Osborne and Mendel [1912] have reported the ability young rats 
show considerable development upon diets containing, the most, very 
small traces fat. probable however that the fat-soluble factor was 
present impurity certain the food components. 

Three batches six nearlv full grown male rats approximately the same 
age and weight were selected from the stock. Each lot was then given one 


the three following dietaries. 


Purified caseinogen parts parts parts 


All three batches were kept under the closest observation for period 
three months. 

Lot nourished upon the butter fat ration showed throughout the whole 
period normal standard nutrition. the conclusion the experiment 
they were killed and subjected post mortem examination. With the 
exception one rat which showed small worm encysted the liver, 
abnormalities were noticed any case. 

Lot received diet which contained adequate supply fat, but 
detectable traces fat-soluble These animals maintained their weight 
well and showed apparent symptoms ill-health until towards the end 
the second month when they one one began develop the characteristic 
condition sore eyes. 

Two deaths occurred the early part the third month from broncho- 
pneumonia and the conclusion the experiment the surviving animals 
were losing weight and all suffering from the eye disease. 

These survivors were killed and carefully examined. every case there 
was large amount body fat present and there was indication in- 
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anition. The organs all presented healthy appearance far the eye 
could detect. The histological examination has not been completed. 

The body temperature the rats this group remained normal, except 
the two cases which contracted acute infection the lung. This obser- 
vation has been confirmed the records obtained from large number 
rats fed upon diets deficient fat-soluble There therefore indication 
that lack fat-soluble brings about disturbance the heat regulating 
mechanism, does deficiency water-soluble [Drummond, 1918, 
Dutcher, 

The batch animals fed upon ration showed very similar behaviour 
those nourished upon ration Their food consumption was throughout 
higher owing the fact that the calorific value their diet was lower than 
that diet They all maintained good appearance until towards the end 
the second month when sore eyes began appear. Body weights then 
showed declines and there was one death from lung trouble. The remaining 
five the end the third month had all lost weight and exhibited more 
less severe external eye trouble. 

Post mortem examination these animals failed reveal any gross 
lesion, except the lungs which were congested some cases. The amount 
body fat was apparently normal. The histological examination the 
organs has not yet been completed. 

These experiments indicate that the appearance the symptoms 
ated with deficiency fat-soluble not postponed withholding fat 
from the diet. 

has recently been shown that rats may live perfect health for several 
upon diet containing relatively large amounts free fatty acids 
Paton, Drummond and others, 1919]. The classical researches 
Munk [1880, 1884] showed that free fatty acids are absorbed from the 
intestinal tract and combined with glycerol derived from the body form 
neutral fat. 

The possibility fat-soluble playing réle the resynthesis fats 
suggested itself and attempt obtain information this point was made. 
Two batches rats were fed upon the following rations: 


Diet Diet 
Fatty acids derived from hardened oil 


The period observation was the last experiment three months. 
The batch receiving fat but fat-soluble showed behaviour closely 
similar that described the previous case. about the end two 
months symptoms ill-health and external eye disease appeared and the 
animals gradually declined. 
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The batch which received the fatty acid ration (diet ate their diet with 
avidity throughout the experiment. After the lapse some seven weeks ill- 
health began appear accompanied the other cases the characteristic 
condition sore eyes. 
Analyses the faeces made several occasions during the three months 
indicated that the absorption the fatty acids was excellent, the highest 
being and the lowest the expiration the three months 
the surviving animals were killed—two had died during this period, one from 
bronchopneumonia and the other result accident. 
Post mortem examination showed obvious abnormality. Body fat was 
plentiful and all organs appeared normal far the naked eve could detect. 
These animals had, therefore, been capable absorbing large amounts 
free fatty acids and effecting the synthesis these into neutral fats over 
considerable period time the absence any detectable traces fat-soluble 
the diet. therefore justifiable assume that this factor plays 
important part the synthesis fatty acids into fats following absorption, 
for the power absorb fatty acids and effect fat synthesis apparently 
retained after the animal has passed the period during which was able 
maintain health spite the deficiency, and during which surmised 
that may have been utilising reserve supplies the essential factor. 
The appearance the characteristic symptoms associated with deficiency 
fat-soluble approximately the same time whether the ration deficient 
fat, contains ample supply fat merely supply fatty acids, 
interesting observation. has been confirmed two out the three cases 
experiment with young rats. 
Two batches twelve young rats were fed upon diets and that one 
lot received fat and the other none, whilst neither obtained fat-soluble 
The two groups were far possible comparable, and the following data 


Average weight days 
First appearance case 28th day 
Number cases sore eyes 40th day 


were obtained result close observation. 
young rats fed 
diet young rats fed 
taining neither diet con- 
fat nor fat- taining fat but 
Average weight commencement experiment 80-2 
Average weight days 89-0 
Average weight days 86-4 88-2 
80-1 80-6 


26th day 


These observations appear have indirect bearing upon the question 

the dispensability fat the diet the animal organism. animal 


deprived fat upon artificial ration the type employed this work 
eventually succumbs certain disturbances nutrition which believed 
result from deficiency fat-soluble receives pure fat succumbs 
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exactly similar manner and after interval the same order. 
therefore appears that decision upon the question the dispensability 
fat can arrived until the fat-soluble factor has been obtained form 
free from fat. Then and then only can the nutritive effect feeding diets 
deficient solely fat studied. But the onset the symptoms alluded 
above after the same interval, matter whether the diet contains fat not, 
does suggest that fat itself dispensable component food. 

The experiments recorded Osborne and Mendel [1912] are interest 
this juncture. The diets they employed were practically fat-free, but 
the components had not been extracted with fat solvents very probable 
that traces the fat-soluble factor were present. Considerable growth over 
long periods was shown young rats fed upon such rations. 


Two pairs healthy rats weighing about each were selected from 
stock and one pair was placed upon rations and respectively. 

The pair which received ration throve for the whole three months during 
which they were under observation and were excellent health the close 
the experiment. During this time their absorption fat was studied for 
five periods seven days. will seen from Table II, the absorption 
fat was excellent all three periods, averaging 


Table 
Total Total ex- 
Total con- Total weight total cretion of 
sumption intake ofdry  fatin fat in M.P. of 
Perio? of Condition of the of dry % fatin offat faeces dry faecesin °/ utili- fat in 
Diet experiment! animals foodin g. food in g. in g. faeces g sation diet 
week Excellent 122 167 20-4 814 618 
134 10-06 6-10 0-62 97-2 
9th 136 21-6 9-20 5-99 0-55 97-5 
Average 
Excellent 126 15-2 19-2 9:09 14-2 1-29 
6th 132 16-4 21-6 911 1-32 89-2 
rat shows slight sore 
eyes 
Both losing weight 15-7 19-8 30-4 2-16 


eyes very bad 
Average 90-7 
The two animals receiving diet which contained fat known 
deficient fat-soluble were studied similar manner. They showed 
good health for about six weeks but during the latter half the period 
observation they were failing and both contracted sore eyes during the third 


month. 
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Fat absorption was, however, good all five periods, even the final one 
when the physical condition the animals showed that they suffered from 
serious deficiency fat-soluble 

The coefficient absorption shows slight decrease the later periods, 
but thought that this may represent slightly lower efficiency the 
digestive system consequent the failing health. The reduction the per- 
centage absorbed too small interpreted evidence that fat-soluble 
directly concerned fat absorption. 

Estimations fat the faeces were carried out the wet extraction 
method described Saxon [1914]. 


SUMMARY. 


Fat-soluble necessary for maintenance health the adult rat. 

Further confirmation the importance supplying the female with 
ample supply fat-soluble during pregnancy and lactation given. 

deficiency fat-soluble the diet adult rats apparently brings 
about serious lowering the resistance against diseases bacterial origin. 

obvious characteristic pathological lesion has been detected 
adult rats which have been deprived fat-soluble for long periods. Such 
animals usually show normal reserves body fat. 

The symptoms associated with deficiency fat-soluble appear 
comparable groups rats after the same period time whether the diet 
contains neutral fat not. 

Rats are able absorb large amounts fatty acids, and presumably 
synthesise these into fats, the absence fat-soluble the diet. 

deficiency fat-soluble the diet does not exert any direct 
influence the absorption fat. 

Indirect evidence deduced from these experiments with rats suggests 
that pure neutral fats may dispensable components the diet. 
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